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CGGGAGTGGTATTATCAG^^ 

CAGGATCTGAAMTGGACTGCAArn^ 

TGGACAGTGG^CACCMCCTO^ 

GGmCTGGCTAGGAG^CAG^ 

CCTTGGMCATTTTCCCAGTCA?^ 
CMCCAGTCCTTCCGCATCArrA^^^ 




!£ G TCACCTOGACATGGMGA^^ 
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TCTGCGGATCTCCCCTGA(ra^^ 
GCC^TGCAGGCecTGG^S 




AGCCCCCCGCAGACGCTCAACA%GTGG^ 
GGGTGCTGCCGCG^ 

eATACGGGGACCTCGGGMGGGTGTGTATG? Jr?rTA^2^ GCAGCTGTCCA GCA 

GGGGAGCTGGGCACCGACCTCGTM^ 

TGO^CATTGCTGCCATC^^^ 

GMGGCATCCTGGGGGTGGGCTATCCYG^att^ 
^™mGACTCTCTGG^^ 

^GTGGTGCTGGCTTCCCiOTC^CAG^^^ 
GAGCATGAtCATTXSGAGGTAT^^ 

accc*tccggcgggagtgg™^ 

GACAGGATCTGAAAATGGACTCCMGGA^ 
G TGGCACGACCAACCTTCGlFlTG<^C,^ 

Icmggcagcc T cct£ac^ 

CTGGTGTGCTGGCMGCAG^ACCACrc^ 

TACCTMTGGGTGAGGTTAC^b^^ 

TACCTGCCGCCAGTCGA^mGrrrf^^ 

ATCTCACAGTCAtSc^^^ 

GTTOTCTTTGATCGGGOttG^C^^ 

CACGATOttGTT<^GGACGGC^ 




CACCTCAGGACCXJTCCCCAtt^ 
TAAAC^GWTAACATTGGTG^ 
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TDESTLMTIAYVMAAICALFMLPLCLMVCQWRCLRCLRQQHDDF 
ADDISLLK 

FIG. 2A 
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FTDEEPEEPGRRGSF^EMVDNLRGKSGQGYWEMWGSPPQT 
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ILPQQYLRPVEDVATSQDDCYKFAISQSStGTVMGAVIMEGFYW 

FDRARKRIGFAVSACHVHDEFRTAAVEGPFVTLDMEDCGYNIPQ 
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ADDISLLK 

FIG. 2B 
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FIG. 13A 
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FIG. 13B 
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FIG. 13C 
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CTGTTCKJGCTCGCGGTTGAGGACA^ 

CCGTXXXKXn-CCGAACGCTACTCXXKX^CXXJAGOTACCTO 
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FIG. 16A 



FIG. 16B 



22/26 



APPwt 



APPwt 




APPsw APRsw 



• t;'^3 :: 1i 2 3 



FIG. 17A 



FIG. 17B 



23/26 



1SOO0 



AB(x-40) production in 293T cells co-transfected 
with APP and B secretase 



12500 
^10000 

e 



00 

< 



5000 - 



2500 




»t*I fljaWiicc wt/tt S u wi/Bsec 

Transfections 



'/B sec 



FIG. 18 



24/26 



nbp 



APP C-125 



p-secretase 



antt-MBP capture 



APP C-99 



J |1924-vel 

biotinyf-SW-192 reporter 



FIG. 19A 



Wild-Type Sequence -.~VaH.ys-Met-Asp. 
Swedish Sequence .Val-Asn-Leu-Asp. 



FIG. 19B 



25/26 



APP 638 



8E5 



0-secretase 



Afi 



{192-t-ve 



Detected by: 1. SW192 Western Blot 
2. 8E5-192 ELISA , 



J 



FIG. 20 



26/26 



CMV 




FIG. 21 



WO 00/47618 



PCT/US00/03819 



0-SECRETASE INHIBITOR 



5 Field of the Invention 



TT* mvention relates to inhibitors of ^ase, a,, ftat cW (p^amyl^ 

peptide (AP), which are considered otndidates for therapeuUcs in the treatment of 
10 amyioidogenic diseases such as Alzheimer's disease. 
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Background of the Invention 

Alzheimer's disease is characterized by the presence of numerous amyloid plaques 
and neurofibrillatory tangles present in the brain, particularly in those regions of the brain 
involved in memory and cognition. P-amyioid peptide (AP) is a 39-43 amino acid peptide 
0 ^^'con^nentofamyloidplaquesa^ 

known as the amyloid precursor protein (APP) at a specific site(s) within the N-tenninal 
reg.cn of the protein. Normal processing of APP involves cleavage of the protein at point 
1 6- 1 7 amino adds C-tenninal to the N^enninus of the P-AP region, releasing a secreted 
ectcxlmnain.a-s^ Qeavage by p^sccretase enzyme 

> ^l^Met-andAsn-^ 

Palaces AP peptide, which is highly implicated in the etiology of Alzheimer's pathology 
(Seubert. et al., in Pl,annacological Treatment of Alzheimer's disease. Wiley-Liss, Inc. pp 
345-366, 1997; Zhao, J., etal J. BioL Chem. 271: 31407-3141 1. 1996). 

It is not clear whether fUccretase enzyme levels and/or activity is inherently higher 
than normal in Alzheimer's patients; however, it is clear that its cleavage product, Ap 
peptide, is abnormally concentrated in amyloid plaques present in their brains. Therefore it 
would be desirable to isolate, purify and characterize the enzyme responsible for the 
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pathogenic cleavage of APP in order to help answer this and other questions suirounding the 
etiology of the disease. In particular, it is also desirable to utilize the isolated enzyme, or 
active fragments thereof, in methods for screening candidate drugs for ability to inhibit the 
activity of P-secretase. Drugs exhibiting inhibitory effects on P-secretase activity are 
expected to be useful therapeutics in the treatment of Alzheimer's disease and other 
amyloidogenic disorders characterized by deposition of Ap peptide containing fibrils. 

U. S. Patent 5,744,346 (Chrysler, et al.) describes the initial isolation and partial 
purification of p-secretase enzyme characterized by its size (apparent molecular weight in the 
range of 260 to 300 kilodaltons when measured by gel exclusion chromatography) and 
enzymatic activity (ability to cleave the 695-amino acid isotype of P-amyloid precursor 
protein between amino acids 596 and 597). The present invention provides a significant 
improvement in the purity of P-secretase enzyme, by providing a purified P-secretase enzyme 
that is at least 200 fold purer than that previously described. Such a purified protein has 
utility in a number of applications, including crystallization for structure determination. The 
invention also provides methods for producing recombinant forms of P-secretase enzymes 
that have the same size and enzymatic profiles as the naturally occurring forms. It is a further 
discovery of the present invention that human P-secretase is a so-called "aspait-yl" (or 
"aspartic") protease. 

Summary of the Invention 

According to the present invention there is provided a P-secretase inhibitor, 
comprising a peptide containing the sequence SEQ ID NO: 78 (VMXVAEF, where X is 
hydroxyethylene or statine), including conservative substitutions thereof. 

The P-secretase inhibitor may have the sequence SEQ ID NO: 78 (VMXVAEF) or 
SEQ ID No: 81 (EVMXVAEF, where X is hydroxyethylene or statine). Another p-secretase 
inhibitor of the invention has the sequence SEQ ID NO: 72 (P10-P4 , sta D-»V). 

The inhibitor may inhibit a P-secretase protein that has now been purified to apparent 
homogeneity, and in particular a purified protein characterized by a specific activity of at 
least about 0.2 x 10 5 and preferably at least 1.0 x 10 5 nM/h/^g protein in a representative P- 
secretase assay, the MBP-C125sw substrate assay. The resulting enzyme, which has a 
characteristic activity in cleaving the 695-amino acid isotype of p-amyloid precuiwr protein 



(P-APP) between amino acids 596 and 597 thereof, is at least 10,000-fold, preferably at least 
20,000-fold and, more preferably in excess of lOO.OOMold higher specific activity than an 
activity exhibited by a solubilized but unenriched membrane fraction from human 293 cells, 
such as have been earlier characterized. 

The purified enzyme may be fewer than 450 amino acids in length, comprising a 
polypeptide having the amino acid sequence SEQ ID NO: 70 [63-452]! The purified protein 
may exist in a variety of "truncated forms" relative to the proenzyme referred to herein ai 
SEQ ID NO: 2 [1-501], such as forms having amino acid sequences SEQ ED NO! 70 [63- 
452), SEQ ID NO: 69 [63-501], SEQ ID NO: 67 [58-501], SEQ ID NO: 68 [58^52], SEQ ID 
NO: 58 [46^52], SEQ ED NO: 74 [22-452], The enzyme may be characterized by an N- 
terminus at position 46 with respect to SEQ ED NO: 2, and a C-terminus between positions 
452 and 470 with respect to SEQ ID NO: 2, and more particularly, by an N-terminus at 
position 22 with respect to SEQ ID NO: 2 and a C-terminus between positions 452 and 470 
with respect to SEQ ID NO: 2. These forms are considered to be cleaved in the 
transmembrane "anchor" domain. The enzyme may have the sequence of SEQ ID NO: 43 
[46-501], SEQ ID NO: 66 [22-501], or SEQ ED NO: 2 [1-501]. The enzyme may have an N- 
terminal residue corresponding to a residue selected from the group consisting of residues 22, 
46, 58 and 63 with respect to SEQ ID NO: 2 and a C-terminus selected from a residue 
between positions 452 and 501 with respect to SEQ ID NO: 2 or a C-terminus between 
residue positions 452 and 470 with respect to SEQ ID NO: 2. The enzyme may be isolated 
from a mouse, exemplified by SEQ ID NO: 65. 

The invention also includes a crystalline protein composition containing a P-secretase 
inhibitor molecule of the present invention. Generally useful inhibitors in this regard will 
have a Kj of no more than about 50uM to 0.5 mM. 

The enzyme which is inhibited by the inhibitors of the present invention may be an 
isolated protein, comprising a polypeptide that (i) is fewer than about 450 amino acid 
residues in length, (ii) includes an amino acid sequence that is at least 90% identical to SEQ 
ID NO: 75 [63-423] including conservative substitutions thereof, and (iii) exhibits p-secretase 
activity, as evidenced by an ability to cleave a substrate selected from the group consisting of 
the 695 amino acid isotype of beta amyloid precursor protein (PAPP) between amino acids 
596 and 597 thereof, MBP-C125wt and MBP-C125sw. Peptides which fit these criteria 
include, but are not limited to polypeptides which include the sequence SEQ ID NO: 75 [63- 
423], such as SEQ ED NO: 58 [46-452], SEQ ED NO: 74 [22-452], and may also include 



conservative substitutions within such sequences. 

According to a further embodiment, the invention includes isolated protein 
compositions, such as those described above, in combination with a p-secretase inhibitor 
molecule of the present invention, Particularly useful inhibitors include peptides derived 
from or including SEQ ID NO: 78, SEQ ID NO: 81 and SEQ ID NO: 72. Generally, such 
inhibitors will have of less than about 1 uM. Such inhibitors may be labeled with a 
detectable reporter molecule. Such labeled molecules are particularly useful, for example, in 
ligand binding assays. 

In accordance with a further aspect, the invention includes protein compositions, such 
as those described above, expressed by a heterologous cell which also co-express as a P- 
secretase inhibitor protein or peptide of the invention. One or both of the expressed 
molecules may be heterologous to the cell. 

The invention will be described in more detail in the following detailed description of 
the invention read in conjunction with the accompanying drawings: 

Brief Description of the Figures 

FIG. 1 A shows the sequence of a polynucleotide (SEQ ID NO: 1) which encodes 
human p-secretase translation product shown in FIG. 2A. 

FIG. IB shows the polynucleotide of FIG. 1 A, including putative 5'-and 3'- 
untranslated regions (SEQ ID NO: 44). 

__. PAGE8-» 



FIG. 2A shows the amino acid sequence (SEQ ID NO: 2) of the predicted 
translation product of the open reading frame of the polynucleotide sequence shown in 
FIGS. 1A and IB. 

FIG. 2B shows the amino acid sequence of an active fragment of human p- 
secretase (SEQ ID NO: 43) [46-501]. 

FIG. 3A shows the translation product that encodes an active fragment of human 
P-secretase, 452stop, (amino acids 1-452 with reference to SEQ ED NO: 2; SEQ ID NO: 
59) including a FLAG^epitope tag (underlined; SEQ ID NO: 45) at the C-terminus. 

FIG. 3Bshows the amino acid sequence of a fragment of human P-secretase 
(amino acids 46-152 (SEQ ID NO: 58) with reference to SEQ ID NO: 2; including a 
FLAG-epitope tag (underlined; SEQ ID NO: 45) at the C-terminus. 

FIG. 4 shows an elution profile of recombinant P-secretase eluted from agel 
filtration column. 

FIG. 5 shows the full length amino acid sequence of p-secretase 1-501 (SEQ ID 
NO: 2), including the ORF which encodes it (SEQ ID NO: 1), with certain features 
indicated, such as "active-D» sites indicating the aspartic acid active catalytic sites, a 
transmembrane region commencing at position 453, as well as leader ("Signal") sequence 
(residues 1-21 ; SEQ ID NO: 46) and putative pro region (residues 22-15; SEQ ID NO: 
47) and where the polynucleotide region corresponding the proenzyme region 
corresponding to amino acids 46-501 (SEQ ID NO: 43) (nt 135-1503) is shown as SEQ 
DO NO: 44 and contains an internal peptide region (SEQ ID NO: 56) and a 
transmembrane region (SEQ ID NO: 62). 

FIGS. 6A and 6B show images of silver-stained SDS-PAGE gels on which 
purified P-secretase-containing fractions were run under reducing (6A) and non-reducing 
(6B) conditions. 

FIG. 7 shows a silver-stained SDS-PAGE of P-secretase purified from 
heterologous 293T cells expressing the recombinant enzyme. 

FIG. 8 shows a silver-stained SDS-PAGE of P-secretase purified from 
heterologous Cos A2 cells expressing the recombinant enzyme: 

HG. 9 shows a scheme in which primers derived from the polynucleotide (SEQ 
ID NO. 76 encoding N-terminus of purified naturally occurring p-secretase (SEQ ID NO. 
77) were used to PCR-clone additional portions of the molecule, such as fragment SEQ 
ID NO. 79 encoding by nucleic acid SEQ ID NO. 98, as illustrated. 

r 



FIG.llAshowsthenucleotidesequence(SEOlDNO-«m r 
5 preparing vector pCR 80) ° f m mSert USed in 

FIG. 1 113 shows a linear schemalic of pCEK 

K indicated by Ihc amino acid sequence SEQ ID NO- 2 

, . ■ • dwi,hmu «ant APP(75I wt)anrt R 

respecovcly, and lane c indicates markers. 

!0 FIG I5 & shows an image an image of an SDSPArr; ,, ■ 

samples of the lysates mart, f „ ot an SDS PAGE gel loaded with triplicate 

ne lv sates made from heterologous cell* i ra „ct. . j - , 
m..tor ^ ,u B»us ceils transfected with mutant APP (Swedish 

. FIGS. I6A and 16B show Western hw*. ~r n 

i increasem S o, ub ,eAPP(sAPP). ^^^- pe ^^^I««-r 

FIGS. 17A and 17B show Western blots of .-cleaved APP sub,,™,, - 
cells. p substrate in co-expression 

30 

FIG. 18 shows Afi (x-40) production in 291T ~n; „ , , 
secretase. 293T cells cotransfected with APP and p- 



RG-IPA^owsasChcmaticofanAPPsuh^, r 
with antibodies SW192 and 8E-192 in the assa ^ "* * "* ™ C ° njunc,io " 

^ U> NO. 103) and Swedish APP sequence (SEQ ID NO: 104) 

FIG. 20 shows a schematic of a second APPck, . ^ 

"■*fBe S c ri pfl MoraieSe91ieiiMs 

0 TT.* 

SEQ ID NO- He , - luonaiN ^C-temnnus order. 

P°lyn^« N0: ^ " * "* „iu, certain 

NO - 48 -' 1 «»«'«ceofU«cte» 1) c E KCL2 7 (FK3. 1 3 A .E )l 
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5 Necretase. ' ^^^^~-f-po^^ 

SEQ ID NO: 56 is an interna] peptide just N ie • , 
Necretase. ^ J N tem,nal to * c '^mernbrane d6 mai „ of 

SEQ ID NO: 57 is P-secretase [1-419]. 
SEQ ID NO: 58 is P-secretase [46-452] 
SEQlDNO: 59 is p-secretase [I-452J. 
SEQIDNO:60isP-sec ret asef|-420J 
SEQ ID NO: 61 i s EVMfhydroxyethyleneJAEF 

SE Q ID NO: 62 ^ (be amino acid sequence of ,h. , 
secretase S howni„(FIG.5). °™c transmembrane domain of 0- 

SEQ ID NO: 63 is P26-P4' of APPwt 

SEQlDNO:64isP26-Pr 0 fAPPw,. 

SEQ ID NO: 65 is m 0US e p-secretase fPtr .n , 

c PfimvT , P etase < FIG, 0.'ower sequence) 

SEQ ID NO: 66 is p-secretase [22-501 J. . 
SEQ ID NO: 67 is p-secretase (58-501 J. 
SEQ ID NO: 68 is p-sccretase [58-452]. 

SEQ ID NO: 69 is p-secretase [63-501 J. 

SEQ ID NO: 70 is p-secretase [63-452]. 

SEQ ID NO: 71 is p-secretase [46-419J 

SEQlDNO:72isPI0-P4-staD^V. 
SEQ ID NO: 73 is P4-P4' s <aD->V 

SEQ ID NO: 74 is P-secretase [22-452]. 

SEQ ID NO: 75 is P-secretase [63-423]. 



sccretase. 
SE 

sccretase. 
< 

statine). 



SEQ ID NO: 77 is a peptide fragment at the NHaininus 'of naturally occuring p. 

SEQ ID NO ' 81^ nuc '«>tide insert in Vector pCF used herein. . 
10 statme) ^ ^ 

SEQl D NO: 84is A PPf ragment SEVKLDAEF 
SEQ ID NO: 85 is APP fragment SEVKFDAEF ' 
SEQ ID NO: 86 is APP fragment SEVNFDAEF 

SEQ ID NO: 87 is APP figment SEVKMAAEF 

SEQ ID NO: 88 is APP fragment SEYNLAAEF 
SEQ ID NO: 89 is APP fragment SEVKLAAEF 

^n>NO:90»-AFFlh^ & VKMLABp V 
SEQ ID NO: 91 is APP fragment SEVNLLAEF 
SEQ ID NO: 92 is APP fragment SEVKLLAEF 
^^^WisAPPfo^sEVKp^ 

SEQ ID NO: 94 is APP fragment SEVNFAAEF 
SEQ ID NO: 95 is APP fragment SEVKFLAEF 
SEQ ID NO: 96 is APP fragment SEVNFLAEF 

'ZZ2n:^ KTEEISEVNLVABF 
e\1 iu NO. 98 is a nucleic acid fragment (FIG 9) 

isolated from recombinant 293T cells, 
isolated from recombinant 293T cells. 

^ jzt NO r is * n ,e,mina, ~ *■ f °™ - 

isolated from recombinant Cos A2 cells 

N °' 104 ,S " ~— — i» d- Swedish APP ^uenc, 
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I* Definitions 

f ^ °*<^ indicated, all terms used herein have the same meaning as they would 

tooneddUedrntheartofthep^invention. Practitioners are 

Sambrook, et aL (1989) Molecular Cloning: A Laboratory Manual (Second Edition), Cold 

M ^Biology^ to ^ 

standard methods known in the art of molecular biology, particularly ^ it relates to ^ ^ 
^ described herein, ta-d^i.itti^,,^^^ 

10 ^^^^ 

toapolymeric^lehavingabacHK^^ 

«yp.cal p. ly nuc, e onde(e.,., sing ,. slra ndedDNA). Such bases a, typicanyinosine, ad^ 
^^.cytosine, uracil and thymidine. Polymeric molecutes include double and siagle 
^I^andDNA,andbac^ 
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The term -vector- refers to a polynucleotide having a nucleotide sequence .bat can 

«—-. new nucleic acids, and prepay ta p,.^ in an appropriate host 

Vectors mclude, bu, are not Ihnited to recombinant plasmius and viruses. The vector (a,. 

. l^cr*..^^^^^^^ -can be in a carrier' 

for cxampfe, . plasmid complexed to protein, a plasmid complexed with lipids nucleic 

aad transduction systems, or other non-viral carrier systems, 

^^>lypepade"asu^ 

of ammo acid residues linked by peptide bonds The tem. «~™.~ - 

„,„,„_, 7 w nt tenn >otein" may be synonymous with 

the term "polypeptide" or may refer to a complex of two or more polypeptides 

™ e ^"™*fi^when^ 

polypepudewmchismc^edeimerbynatu^ 

^^<^^ 

theart Among *m™^«am^ W^^^^ M 

l"n,ted to, acetylation, acylation, amidation, ADP-ribosylation, glycosylate OP! anchor 



WO 00/47*18 

PCT/US00/Q3819 

formation, covalent attachment of a lipid or lipid derivative, .ethy^ .nynsU^on, 
pegylation, prenylation, phosphorylation, ubiqutination, or any similar process. 
The term "P-sccretase" is defined in Section III, herein. 

The term biologically active" used m ^ 
P^sionofa^s^ 

protcm (APP) to produce p-amyloid peptide (AP). 

Tfte tcrrn-'rragmenr. when referring to Necretase. mea*s a 

an ammo aad sequence which is the same as part of but not all of th, ™ , 

fiiii i^^u o not 3,1 ot 11,6 amino aad sequence of 

^Mength p-secretase polypeptide. In the context of the present invention, the fulZTfi, 

(SEQ ID NO: 67) or 63-501 (SEQ ID NO:69); other active forms are C-terminal truncated 

15 throughout is based on the numbering of the sequence SEQ ID NO: 

An "active fragment" is a fJ-secretase fragment that retains at least one of the 
Actions or activities of p-secretase, including but not limited to the p-secretase enzyme 
activity discussed above and/or ahi.ity to bind to the ialuW subs^ des^bed herdn as 

n^entwbichretainsmeabilitytocleavep-^ 

amyloid peptide. Sucha ^t^tym^l^350,^ mOKpK f^ t 
least 400, contiguous amino acids or conservative substitutions thereof of P-secretase, as 
d^herei^ 

SEQ© NO: 2 and also denoted as "Active-D"sites herein. 

A "^a%e^utution"^^ 
by an amino acid in the same c.ass, where a c.ass is defined by common physicochemical 
a^oac.dsidecl.ainpro^^ 

BLOSUM matrix). Six genera! classes of™ acid s.dechains, categorized as described 
^nduoe: Class I (Cys); Cass U (Ser, Thr, Pro, Ala, G« y) ; Class in (Asn, Asp, Gin, 
G,U > C1 -'V<His,Arg,Lys^^ T rp) 
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For example, substitution of an Asp for another class m residue such as Asn, Gin, or Ghi, is 
considered to be a conservative substitutioa 

"Optimal alignment" is defined as. an alignment giving the highest percent identity 
score. Suchabgnmentc^ 

5 analysis programs, such as the local alignment program LALIGN using a ktup of 1 , default 
parameters and the default PAM. Apreferred alignment is thepairwise alignment using the 
CLUSTAL-W program in MacVector, operated with default parameters, including an open 
gapi>erialtyoflOA M ext^ 

"Percent sequence identity,- with respect to two amino acid or polynucleotide 
10 ^ces.ieferstomepercentageofresiduesto 

the sequences are optimally aligned. Thus, 80% amino acid sequence identity means that 80% 
of the ammo acids in two or more optimally aligned polypeptide sequences are identic^ 
gap needs to be inserted into a first sequence to optimally align it with a second sequence, the 
percentidrntityiscalculatedusingonlythe residues that are paired with a corresponding: 
15 amino acid residue (i.e., the calculation does not consider residues in the second sequences 
that are in the "gap" of the first sequence. 

A first polypeptide region is said to "correspond" to a second polypeptide region when 
the regtons are essentially coextensive when the sequences containing the regions are aligned 
usmg a sequence alignment program, as above. Corresponding polypeptide regions typically 
20 "ntamasiniUar.ifnotid^ 

corresponding regions may contain insertions or deletions of residues with respect to one 
another, as well as some differences in their sequences. 

A first polynucleotide region is said to "correspond" to a second polynucleotide region 
when the regions are essentially co-extensive when the sequences containing the regions are 
25 ^^Sasequenceatiw 

typically contain a similar, if not identical, number of residues. It wiU be understood, 
however, that corresponding regions may contain insertions or deletions of bases with respect 
to one another, as well as some differences in their sequences. 

The term "sequence identity" means nucleic acid or amino acid sequence identity in 
30 two or more aligned sequences, aligned as defined above. 

"Sequence similarity" between two polypeptides is determined by comparing the 
amino acid sequence and its conserved amino acid substitutes of one polypeptide to the 
sequence of a second polypeptide. Thus, 80% protein sequence similarity means that 80% of 
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the amino acid residues in two or more aligned protein sequences are conserved amino acid 
residues, i,e. are conservative substitutions. 

"Hybridization- includes any process by wMch a stmdofa nucleic acidjoins with a 
complementary nucleic acid strand through base pairing. Thus, strictly speaking, the term 
5 refers to the ability^ the complement of the target sequence to bind to the test sequence, or 
vice-versa. 

"Hybridization conditions" are based in part on the melting temperature (Tm) of the 
nucleic acid binding complex or probe and are typically classified by degree of "stringency" 
oftheconartionsunderwmch^^^^ Tie specific comJitions that define 

10 vanous degrees of stringency (Le., high, medium, low) depend on the nature of the 

polynucleotide to which hybridization is desired, particularly its percent GG content, and can 
be deterrnined empirically according to methods known in the art Functionally, maximum 
stnngeru^ 

near-strict identity with the hybridization probe; while high stringency conditions are used to 

The term "gene" as used herein means the segment ofDNA involved in producing a 
polypeptide chain; it may include regions preceding and following the coding region, e g 5" 
untranslated (5' UTR) or "leader" sequences and 3* UTR or "trailer" sequences, as well as 
intervening sequences (introns) between individual coding segments (exons). 

The term -isolated" means that the material is removed from its original environment 
(e.g.,the natural environment if it is naturally occurring)^ ^ 
polynucleotide or polypeptide present in a living animal is not isolated, but the same 
polynucleotide or polypeptide, separated from some or all of the coexisting materials in the 
natural system, is isolated. Such isolated polynucleotides may be part of a vector and/or such 
25 P^cleotidesor^^ 

pnulucedceUCheterologouscelOexpressmg^ 

vector or composition is not part of its natural envmrament 

An "isolated po^^ 
polynucleotide that.contains the coding sequence of 0-secretase, or an active fragment 
thereof, (0 -lone, (ii) m combination wim additional codm^ 

protein or signal peptide, in which the P-secretase coding sequence is the dominant coding 
sequence, (,„) in combination with non-coding sequences, such as introns and control 
elements, such as promoter and terminator elements or 5' and/or 3' untranslated regions 
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effective for expression of ^ coding sequence in a suitable host, and/or (iv) in a vector or 
host environment in which the 0-secretase coding sequence is a heterologous gene. 

"heterologous gene,"and heterologous l*lynucleoa^^ 
5 ^g«ous to .thec*llorpa*of^^ 

nucleotides have been added to the <*ll,by Wection, nricroi„jecti<>n, electroponrtion, or 
mehke. S«ch,«,uc^ 

sequence need not be expressed 

10 least one heterologous DNA molecule. 
A-YeconAinant^^ 
express™ « a heterologous cell, said cell having been transduced or transfected, either 
««ly or ^ with a n.ombinant expression 
the protein in the host cell. • ■ . . • 

15 The tenn ^expression"' means that a protein is produced by a cell, usually as a result of 

transfecnon of the cell with a heterologous nucleic acid. 

"Cc-expression-is a process by which two or more proteins or RNA species of 
interest ^ m a ^ ^ ■ QhaflM ^ ^ or ^ ^ ^ ^ 

acmevedby t-^onofttec.^ 

carry coding sequences for la^t^ct^^M^ka^ 

acellcanbesaidto-co^xpress,^ 
to the cell. 

Thete^-expre^ionvector-re 
^»*erologous^^^ 

.5 exp^onvectorcare*^^ Selection of appropriate expression vectors is 

within the knowledge of those liaving skill in the ait: 

The terms purified" or "substantially P«uified« refer to nx»lecules, either 
P°^cleot^ 

separated, and a« at least 90% ,and more pref^ 
components withwlnchmeyarenatund^ 

descnptor does not preclude the presence in the same sample ofsplice- or other protein 
vanants (glycosylation variants) in the same, otherwise homogeneous, sample 



WO 00/47618 



PCTAJSOO/03819 



A protein or polypeptide is generally considered to be "purified to apparent 
homogeneity" if a sample containing it shows a single protein band on a alver-stained 
polyacrylamide electrophoretic gel. 

The term fcrystaUized protein" means a protein that has co-precipitated out of 
solution in pure crystals consisting only of the crystal, but possibly including other 
components that are tightly bound to the protein. 

A "variant" polynucleotide sequence may encode a "variant" amino acid sequence that 
is altered by one or more amino acids from the reference polypeptide sequence. The variant 
polynucleotide sequence may encode a variant amino acid sequence, which contains 
"conservative" substitutions, wherein the substituted amino acid has structural or chemical 
properties similar to the amino acid which it replaces. In addition, of alternatively, the variant 
polynucleotide sequence may encode a variant amino acid sequence, which contains "non- 
conservative" substitutions, wherein the substituted amino acid has dissimilar structural or 
chemical properties to the amino acid which it replaces. Variant polynucleotides may also 
encode variant amino acid sequences, which contain amino acid insertions or deletions, or 
both. Furthermore, a variant polynucleotide may encode the same polypeptide as the 
reference polynucleotide sequence but, due to the degeneracy of the genetic code, has a 
polynucleotide sequence that is altered by one or more bases from the reference 
polynucleotide sequence. 

An "allelic variant" is an alternate form of a polynucleotide sequence, which may 
have a substitution, deletion or addition of one or more nucleotides that does not substantially 
alter the function of the encoded polypeptide. 

"Alternative splicing" is a process whereby multiple polypeptide isoforms are 
generated from a single gene, and involves the splicing together of nonconsecutive exons 
during the processing of some, but not all, transcripts of the gene. Thus, a particular exon 
may be connected to any one of several alternative exons to form messenger RNAs. The 
alteniatively-spUced mRNAs produce polypeptides Csplice variants") in which some parts 
are common while other parts are different 

"Splice variants" of p^secretase, when referred to in the context of an mRNA 
transcript, are mRNAs produced by alternative splicing of coding regions, i.e., exons, from 
the j)-secretase gene. 
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•SpMcevariains-of^sectetase,^ 

are 0-secretase translation products that are encoded by altematively-spUced p^secretase 
mRNA transcripts. 

A "mutant" amino acid or polynucleotide sequence is a variant amino acid sequence, 
5 wav *»tpolyrmcl^ 
agruf^Uyaher^ 
protein. 

A "substitution" results from the replacement of one or more nucleotides or amino 
acids by different nucleotides or amino acids, respectively. 
10 ^^"^ate-asus^h^ 

convention. Modulation may relate to an increase or a decrease 

btndmg characteristics, or any other biological, functional, or immunological property of the 

molecule. 

Theterms "antagonist" »d 'Iruubitor" are u^ 

15 m ^*hich,whenb6undtome P olypeptideofmepres TO ^ 
^tfenzymebybl*^ 

actmty. Anantagornstasusedherdnrr^^ 

>secretase blocker." Antagonists may themselves be polypeptides, nucleic acids, 
carbohydrates, lipids, small molecules (usually less than 1000 kD), or derivatives thereof, or- 
20 ^yoth CT UgandwWchbmdstoandm 
P-Secretase Compositions 
Anisolated, active human P^fcseer^ 

asparty. (aspartic) protease or proteinase may be provided, optionally, in purified form. As 
de f '^ 

25 .nvolved ,n the generation of 0-amyloid peptide from 0-amyloid precursor protein (APP) 
such as is described in U. S. Patent 5,744.346, incorporated herein by reference 
Ahematively, or in addition, the 0-secretase is characterized by its ability to bind, with 

, 1^1 ! tOTm ° f ^ "« ^ Md ite ™"*>y occurring form 

30 ha s been characterized, purified and sequenced. 



Nucleotide sequences encoding the enzyme have been identified. In addition, the 
enzyme has been further modified for expression in altered forms, such as truncated forms, 
which have similar protease activity to the naturally occurring or full length recombinant 
enzyme. Using the information provided herein, practitioners can isolate DNA encoding 
various active forms of the protein from available sources and can express the protein 
recombinant^ in a convenient expression system. Alternatively and in addition, practitioners 
can purify the enzyme from natural or recombinant sources and use it in purified form to 
further characterize its structure and function. Polynucleotides and proteins of the invention 
are particularly useful in a variety of screening assay formats, including cell-based screening 
for drugs that inhibit the enzyme. Examples of uses of such assays, as well as additional 
utilities for trie compositions are provided in Section IV, below. . ' 

P-secretase is of particular interest due to its activity and involvement in generating 
fibril peptide components that are the major components of amyloid plaques in the central 
nervous system (CNS), such as are seen in Alzheimer's disease, Down's syndrome and other 
CNS disorders. Accordingly, an isolated form of the enzyme can be used, for example, to 
screen for inhibitory substances which are candidates for therapeutics for such disorders. 
A. Isolation of Polynucleotides encoding Human p-secretase 
Polynucleotides encoding human p-secretase were obtained by PCR cloning and 
hybridization techniques as detailed in Examples 1-3 and described below. Fib. 1A shows 
the sequence of a polynucleotide (SEQ ID NO: I) which encodes a form of human (p- 
secretase (SEQ ID NO: 2 [1-501]. Polynucleotides encoding human p-secretase are 
conveniently isolated from any of a number of human tissues, preferably tissues of neuronal 
origin, including but not limited to neuronal cell lines such as the commercially available 
human neuroblastoma cell line IMR-32 available from the American Type Culture Collection 
(Manassas, VA; ATTC CCL 127) and human fetal brain, such as a human fetal brain cDNA 
library available from OriGene Technologies, Inc. (Rockville, MD). 

Briefly, human P-secretase coding regions were isolated by methods well known in 
the art, using hybridization probes derived from the coding sequence provided as SEQ ID 
NO: 1. Such probes can be designed and made by methods well known in the art. 
Exemplary probes, including degenerate probes, are described in Example 1. Alternatively, a 
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cDNA library is screened by PCR, using, for example, the primers and conditions described 
in Example 2 herein. Such methods are discussed in more detail in Part B, below. 

cDNA libraries were also screened using a T-RACE (Rapid Ampbfication ofcDNA 
Ends) protocol according to methods well known in the art CWhit* B.A., ed., PCR Qoning 
Protocols; Humana Press, Totowa, NJ, 1997; shown schematically in FIG. 9). Here primers 
derived from the S' portion of SEQ ID NO: 1 are added to partial cDNA substrate clone 
found by screening a fetal brain cDNA library as described above. A representative 3'RACE 
reaction used in detenrining the longer sequence is detailed in Example 3 and is described in 
more detail in Part B, below. 

Human p^secretase, as weU as additional members of the neuronal aspartyl protease 
family described herein may be identified by the use of random degenerate primers designed 
ina«»rdmcewfcany^ For 

o^le, in experiments carried out in su^ 

Example 1 herein, eight degenerate primer pools, each 8-fold degenerate, were designed 
based on a unique 22 amino acid peptide region selected from SEQ ID: 2. Such techniques 
can be used to identify further similar sequences from other species and/or representing other 
members of this protease family. 

Preparation of nolvimct^^ 

The polynucleotides described herein may be obtained by screening cDNA libraries 
using oligonucleotide probes, which can hybridize to and/or PCR-amplify polynucleotides 
that encode human p-secretase, as disclosed above. cDNA libraries prepared from a variety 
of tissues are commercially available, and procedures for screening and isolating cDNA 
clones are well known to those of skill in the art Genomic libraries can likewise be screened 
to obtain genomic sequences including regulatory regions and introns. Such techniques are 
described in. for example, Sambrook et al. (1989) Molecular Qoning: A Laboratory Manual 
(2nd Edition), Cold Spring Harbor Press, Plainview, N.Y. and AusubeL FM et al. (1998) 
Current Protocols in Molecular Biology, John Wiley & Sons, New York, N.Y. 

The polynucleotides may be extended to obtain upstream and downstream sequences 
such as promoters, regulatory elements, and 5' and 3* untranslated regions (TJTRs). Extension 
of the available transcript sequence may be performed by numerous methods known to those 
ofskiU in the art, such as PCR or primer extension (Sambrook et al., supra), or by the RACE 
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method using, for example, the MARATHON RACE kit (Cat # Kl 802-1 ; Clontech, Palo 
Alto, CA). 

Alternatively, the technique of "restriction-site" PCR (Gobinda a al. (1993) PCR 
Methods Applic. 2:318-22), which uses universal primers to retrieve flanking sequence 
adjacent a known locus, may be employed to generate additional coding regions. First, 
genomic DNA is amplified in the presence of primer to a linker sequence and a primer 
specific to the known region. The amplified sequences are subjected to a second round of 
PCR with the same linker primer and another specific primer internal to the first one; 
Products of each round of PCR are transcribed with an appropriate RNA polymerase and 
sequenced using reverse transcriptase. 

Inverse PCR can be used to amplify or extend sequences using divergent primers 
based on a known region fTrigliaT ei al. (1 988) Nucleic Acids Res 16:8186): The primers 
may be designed using OUGO(R) 4,06 Primer Analysis Software (1992; National 
Biosciences Inc. Plymouth, Minn.), or another appropriate program, to be 22-30 nucleotides 
in length, to have a GC content of 50% or more, and to anneal to the target sequence at 
temperatures about 68.72»C. The method uses several restriction enzymes to generate a 
suitable fragment in the known region of a gene. The fragment is men circularized by 
intramolecular ligation and used as a PCR template. 

Capture PGR (Lagerstrom M et al. (1991) PCR Methods Applic 1:1 11-19) is a 
method for PCR amplification of DNA fragments adjacent to a known sequence in human 
and yeast artificial chromosome DNA, Capture PCR also requires multiple restriction 
enzyme digestions and ligations to place an engineered double-stranded sequence into a 
flanking part of the DNA molecule before PCR. 

Another method which may be used to retrieve flanldng sequent is uMt of Parker, 
IDetal. (1991; Nucleic Acids Res 19:3055-60). Additionally, one can use PCR, nested 
primers and PromoterFhiderfrM) libraries to "walk in" genomic DNA (Clontech, Palo Alto, 
CA). This process avoids the need to screen libraries and is useful in finding intron/exon 
junctions. Preferred libraries for screening for full length cDNAs are ones that have been 
size-selected to include larger cDNAs. Also, random primed libraries are preferred in that 
they will contain more sequences which contain the 5' and upstream regions of genes. A 
randomly primed library may be particularly useful if an oligo d(T) library does not yield a 
full-length cDNA. Genomic libraries are useful for extension into the 5' Untranslated 
regulatory region. 



WO0W47618 



PCT/USO0/03S19 



10 



B. Isolatipnofp-Secretase 
shown asSEQID NO: 2 in FIG. 2A. | 

be.ow.^cated.tU.sBke.ythat^ 

^^by sequenceshown jnHG. 2B (SEQn>NO:43), in which the fct 45 ami™ 

autocatdy.c.n nature. Farmer ana.yris.mustn^ed by theses shown in FIG 5 

em,mUS - ^^^^"^^veryofthepresentinventi^ 

^-betnmcatedpno^ 
activity. 

1. P«ific«ioB.ofp^sec^ 
m.r.fi^i c- ~ ~ — H P-sccretase has now been 

^^^^^^^ t^^wHwt'fci^idiiiii^ 

— — - I Ik*.^^,,^,^ 
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**» •*« ,„ ' , "° ,e 9 ° ra * """" » ' 

P"ri»«io„. h ^ ,„ .■ "** >» d * approbate,, ,. 50 0.f„ M 

M borate buffc, nt dua(e was **" ° f — — • P.o,d„ s »_ dl)led ^, pIJ 

""D and r^W*,™,,,* m a M . , n 2 ' ^ WG - 6B > ™» with diu^hreitor 

--,p^^rr;^r^ 

unenriched membrane fraction (torn human 293^ejis * mc P^ 5 * 111 m * sohibilized but 
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Table 1 

Preparation of B-secrcias* fr » m u„ mm Brain 




10 



15 



«20. 

• ••• 
• ••• 



« • • 
♦ • 

2S 



30 



•Activityin MBP-CI25sw assay 

Specific Activity = (Produce pM)f n:,..,:- nf my 

(Enzyme sol. vol)(Incub. time h)(Enzymc cone, ug/vol) 

: Example 5 also describes purification schemes used for purifying recombinant materials 
from heterologous cells transfected with the P-secretase coding sequence. Results from these 
Punficattons are illustrated in FIGS. 7 and 8. further experiments carried out in support of 
the present mvention, showed that the recombinant materia, has an apparent molecular weight 
P -e range from 2o0 ,000 ,o 300,000 Daltons when measured by gel exclusion 
chromatography. FIG. 4 shows an activity profde of this preparation run on a ge, exclusion 

chromatography column, such as a SuDerdex 20n n<ug» „ , ~ ' 

. ~ . ^uperaex 200 (26/60) column, according to the methods 

described ,n U.S. Patent 5,744,346, incorporated herein by reference. 
1- Sequencing of p-secretase Protein 

A schematic overview summarising methods and results for determining the cDNA 
sequence encoding the N-terminal peptide sequence determined from purified P-secretase is 
shown , n FIG. 9. N-terminal sequencing of purified P-secretase protein isolated from natural 
sources y.elded a 21-residue peptide sequent, SEQ ID NO. 77, as described above. This 
pept.de sequence, and its reverse translated fully degenerate nucleotide sequence, SEQ lb 
NO. 76, IS shown in the (op ^ of piG 4 Two partialIy degenerate ^ ct gcts Used ^ 

^ RT-PCR amplification of a cDNA fragment encoding this peptide are also summarized in 

FIG. 4. Primer set 1 consisted of DNA nucleotide primers #3427-3434 (SEQ ID NOS- 22-29) 
. shown in Table 3 (Example 3). Matrix RT-PCR using combinations of primers from mis set with 
; cDNA reverse transcribed from primary human neuronal cultures as template yielded the predicted 
54 bp cDNA product with primers #3428-3433 (SEQ ID NOS: 23-28), also described in Table 3. 

in further experiments carried out in support of the present invention, it was found 
that .oligonucleotides from primer sets 1 and 2 could also be used to amplify cDNA fragments 
of the predicted size from mouse brain mRNA. DNA sequence demonstrated that such 
pnmers could also be used to clone the murine homology and other species homologs of 
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".^•fttoia,,^ Wsobsm u front natural sources iq other experiments carried out 
«f addinona,^ fore seoner^ rUrTT ^"° Ce ^"^^ 



-"posite ^ The J ' «*-- we« US ed ,„ define , ne 

OI *»"-Mi0epn m „ # 34 6 0, S EQ I DNO39Ta l ,,e« 
» "»»«'^NA m <„ ochara:teij2emoii , Ce " S - A<,<l "" >ra, P' i "'«were„se dt( , is „, alellK 

-™~„ f a 2 ^ 

The oligonucleotide probe #3460 (SEQ ff> No- 39) a kn h k 
—« * ™ N*taiU« caning 1, ^ * IS0 h),bndKe! to • * "> 

*»•■«■». h addition, cenain tisslm „ , „ , * » d ™*» 

Wdde, Kdn.,, ^ ,J "T!' ** ^ **• -«H -ten*. 

tofurtteexperinKwscrtedout&so™^^,,, VU,N0 3») 

Wot nuh, w« ohained w it h „w , " •"■» P«« invention, Noithmi 
fuiinea with oligonucleotide probe #3460 «pnm vt~ 

1014. This clone provides an 860 bp nbolobe ejl nCMnPaSS '° S nuclM <'*s *155- 
— *• Portion of p-secrefcse J,T f"^— • «-Wc 



with this riboprobc revealed the presence of the 2 kb transcript previously detected with 
oligonucleotide #3460, as well as a novel, higher MW transcript of ~5 kb. Hybridization 
of RNA from adult and fetal human tissues with this 860 nt riboprobe also confirmed the 
result obtained with the oligonucleotide probe #3460 (SEQ ID NO: 39). The mRNA 
encoding p-secretase is expressed in all tissues examined, predominantly as an -5 kb 
transcript In adult, its expression appeared lowest in brain, placenta, and jung, 
intermediate in uterus, and bladder, and highest in heart, liver, pancreas, muscle, kidney, 
spleen, and lung. In fetal tissue, the message is expressed uniformly in all tissues 
examined. 
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Table 2 Tissue distribution of human and murine P-secretase transcripts 



Tissue/Organ 



Size Messages 
Found (Kb): 
Human. 



Heart 
Brain 
Uver 
Pancreas 
Placenta 
Lung 
Muscle 
Uterus 
Bladder 
Kidney 
Spleen 
Testis 
Stomach 
Sm. Intestine 



2» 

2, 3,4,and7 
2,3.4,and7 
2, 3, 4, and 7 
2", 4 81*7* 
^MandT* 
2- and 7* 
2".4,and7 
2*.3,4,and7 
2", 3, 4, and 7 
2\3,4,end7 
nd 
nd 
nd 



3,5,3.8.547 
3J5, 3.8,54 7 
3.5, 3.8,547 

no* 

nd 

3.5.3.8,54 7 
3*5. 3.8,54 7 

nd 

nd 

3.5. 3.8.54 7 
nd 

4.5Kb, 2Kb 
5- 

3.5,3.8.5 4 7 



Clontoch Human 
Brain region 
Tissue/Organ 



Human 



Cerebellum 
Cerebral Cx 
Medulla 
Spinal Cord 
Occipital Pole 
Frontal Lobe 
Amygdala 
Caudate N. 
Corpus Caflosum 
Hippocampus 

Substantia Nigra 
Thalamus 



2Kb. 4Kb, 6Kb 
2Kb, 4Kb. 8Kb 
2Kb. 4Kb, 8Kb 
2Kb, 4Kb, 8Kb 
2Kb, 4Kb, 8Kb, 
2Kb. 4Kb, 8Kb 
2Kb, 4Kb, 8Kb 
2Kb, 4Kb, 8Kb 
2Kb, 4Kb. 6Kb 
2Kb, 4Kb, 8Kb 

2Kb. 4Kb, 8Kb 
2Kb, 4Kb, 8Kb 



f Brain 6 


2\ 3, 4, and 7 


nd 


f Liver 


2\3,4.and7 


nd 


f Lung 


2«,3, 4,and7 


nd 


f Muscle 


2", 3. 4. and 7 


nd 


f Heart 


2*. 3. 4. and 7 


nd 


f Kidney 


2-.3, 4.and7 


nd 


fSkin 


2 a ,3,4.and7 


nd 


f Sm, Intestine 


2»,3. 4, and 7 


nd 


Cell Line 


Human 


Mouse 


IMR32 


2-.S&7 




U937 


2- 




THP1 


2» 




Jurfcat 


2* 




HL80 


none 




A293 


547 




NALM6 


547 




A549 


5&7 




Hela 


2. 4.5,47 




PC12 




24 5 


J774 




5Kb. 2Kb 


P388D1 ccf46 




SKbfrety 


P19 




me). 2Kb 




5Kb, 2Kb 


RBI 




8Kb, 2Kb 


EL4 




5Kb, 2Kb 



*by oligo 3460 probe only 
b £aint 



c f= fetal 

^d^ot determined 
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5. Active Forms of p-secretase 
a. N-temunus 



20 



25 



30 



and its sequence is shown in FIG 2A as SEO ir> urv t u 

nn u.zAasSEQIDNO:2. However, as mentioned above, 

„„♦,„.! . the predominant form of the active. 

^^^^^^^^^ 

^^^^^^ H-N*™,,™,^,,,, 
^^. fP ^ MWfiOT ^^^ ^^^^^ 
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in Tabic 3, below. 

™ e P*^N4enni„^ 
tha«o btainedfiDmbraift .Mimkm^^^^^^^ 

*• observed . An additional major fonn found i„ Cos A2 cells resulted fom, a Gly-58 
cleavage. 7 

M , . ,„ Table 3 

Forms in Various Cell Types 

, ( N-terrninus I Sequence 
*ef: S EQ ID NO : 2* 
46 



Source 



Human brain 



Recombinant, 293T 



Recombinant, CpsA2 



-35 
~7 
~5 



~4 
~3 



46 

22 
63 



46 
58 



fcl DKHPHBPGR. . .(SEQ ID NOT wT 
KI LUiEPEEPGR. . .(SEQ ID NO: 99) 



TQHOIRL(P)LR.. .(SEQ ID NO: 100) 
MVDNLRGKS... (SEQ ID NO: 101) 



ETDEEPEEPGR . . (SEQ ID NO: 99) 
GSFVEMVDNL. . .(SEQ ID NO: 102) 
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20 



25 



b. C-terminus 

Further experiments carried out in support of the present invention revealed mat the 
C^musofme^^ 

^^ em ^^^^^ mo ^ MorespecificaUy.as 
juslbeforemeputativctransmen^ 

anab.utytoeleaveAPPattheappropnatecleavage 

Thus, using the reference amino acid positions provided by SEQ ID NO. 2, one form 
ofP-^e^^ 

452, (Necretase^with another ibnn being P-secretase 46-452 (SEQ ID-NO*' 

58) Mo regc „e raUy>another - fonnexten^fi.m^siUonl toanyposition 

Omer active forms of the 
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^'^^^genzyn^c^^ - 
MxntofiMSh). As described .Part D, below, those forms which an, treated at J 
C-tenruna. position at or before about position 452, or even several am.no acids thereafter 
"eparttcularly^ 

the Membrane re gI on, which may interfere wuh protein crystaHLzatio, TTte recombinant 

described herein. 

C : Oystallizadon ofP-secretasc 

This section describes methods and utilities of coo^iioo. co B ^ l ^ fi ed P . 

peptide, modified peptide, or small molecule inhibitors. 



15 



1. Crystallization of the Protein 

--^^fcfc.^ Suchsuuctura.d.enninationsare 
toed hen*, such inhib.to, ^ mo]eculcs for ^ ^ 

TTie crysudlographic structure of p-secretase is determined by first crystallizing the 
punfiedproteiruMetlK^forc^^ 

^MpnngerVeda^^^ 

Add,Uona,, y , kits for generating protein crystals are general,, available ^ 
P^-^-iB^B^^^^ Additional guidances be 

° f ^«ors,^^^ 
aspartic acid proteases. 

30 Although any of the various fonns of p-secretase described herein can be used for 

■engths^enceaown*^^ 



since this is a form of the enzyme that (a) provides the predominant naturally owurrinr N 

15 is alleasi l/ioo /h,h;-H «• ™ sla&>v - biding affinity thai 

1/100 .he b,nd,„ gaffi „„ yor p. sccraase(4(i50 

Ihc enzyme can be used in these studies. Suitabih'ryof any particular form can be 
assessed b, connoting 1, with me PiO-P^V affinity ^ ^ 

P"~m invent™ have sealed that , tnmcated form ending ,„ reside, noa 
Ucely4^I0 (SE Q rDN0:71) .aJsobtodstoB.eafM.y^andis^an 
iuW candidate protein cation for X^ycrys^gr^e amuysisofB. 

domatn. p^lari, those ending heme*, about residue 419 and 452 are suM* i» 
this regard. 

*^ N ^™»Vasdesc„-b^ 
be .emoved during ceUular prccessing. Other suiable naturaJI, or 
f ~'^.f"^p.*.oneco.»^^ 

residue 63. However, analysis of rhe enure enzyme, s ,ar„„g a, residue 1, can also 
provide infusion at™, the enzyme. Other forms, such as J.420 (SEQ ID NO 60) to 
'^(SBQIDNO^^incMngintermedia^forms.forex^e,^, ca.be 
useful in mis regard. ta general, it „i„ „ls„ be useful to obtain structure on'any 
subdomain of the active enzyme. 

3° 
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Methods for purifying the protein, including active forms, are described above. In 
addition, since the protein is apparently glycosylated in its naturally occurring (and 
mammalian-expressed recombinant) forms, it may be desirable to express the protein and 
purify it from bacterial sources, which do not glycosylate mammalian proteins, or express it 
in sources, such as insect cells, that provide uniform glycosylate patterns, in order to obtain 
a homogeneous composition. Appropriate vectors and codon optimization procedures for 
accomplishing this are known in the art. 

Following expression and purification, the protein is adjusted to a concentration of 
about 1-20 mg/mL In accordance with methods that have workedXdromo- crystallized 
proteins, the buffer and salt concentrations present in the initial protein solution are reduced 
to as low a level as possible. Tbiscan be accomplished by dialyzing the sample against the 
starting buffer, using microanalysis techniques known in the art. Buffers and crystaflizatioh 
conditions will vary from protein to protein, and possibly from fragment to fragment of the 
active p-secretase molecule, but can be determined empirically using, for example, matrix 
methods for determining optimal crystaUization conditions. (Drentz, 3 , supra; Ducruix, A., 
etal.,eds. Crystallization of Nucleic Acids and Proteins: A Practical Approach, Oxford 
University Press, New York, 1 992.) 

Following dialysis, conditions are optimized for crystalUzation of the protein. 
Generally, methods for optimization may include making a "grid" of 1 ul drops of the protein 
solution, mixed with 1 ul well solution, which is a buffer of varying pH and iomc strength. 
These drops are placed in individual sealed wells, typically in a "hanging drop" 
configuration, for example in commercially available containers (Hampton Research, Laguna 
Niguel,CA). PrecipitahWciystallization typically wxurs between 2 days and 2 weeks. 
Wells are checked for evidence of precipitation or oystallizauoii, and eolations are 
optimized to form crystals. Optimized crystals are not judged by size or morphology, but 
father by the diffraction quality of crystals, which should provide better than 3 A resolution. 
Typical precipitating agents include ammonium sulfate (NH,SO<), polyethylene glycol (PEG) 
and methyl pentane diol (MPD). All chemicals used should be the highest grade possible 
(eg. ACS) and may also be re-purified by standard methods known in the art, prior to use. 

Exemplary buffers and precipitants forming an empirical grid for determming 
crystallization conditions are commercially available. For example, the "Crystal Screen" kit 
(Ifampton Research) provides a sparse matrix method of trial conditions that is biased and 
selected from known crystallization conditions for macromolecules. This provides a "grid" 
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TJZI ° W ^'^^ Mm °™^ Chemicalscanoe 

to. cornxnon co mmercial ^ ft fc ^ ^ ■ ^ 

^ dea ^ofpHopt^^^ _ 

^ NaCI>MpD ^ ^ f f 

vanouss.zes, «op«,panol, KQ; and the like (Dttcroix). 

certain addiuves, including, but not limited to: 
5% Jeffamine 
15 5 %Poly|m^ylerieglycolP400 
5 % Polyethyleneglycol 400 
5 % etfayleneglycol 

5 % 2-raefoyl-2,4-pentanediol 

5%Glycerol 
20 5%Koxane 

5 % dimethyl sulfoxide 

5%n-OctanoI 

100mM(NH4)2SO4 

lOOmMCsCI 
25 100mMCoSO4 

100mMMnC12 

lOOmMKCl 

lOOmMZnSCM 

100mMLiC12 
30 100mMMgC12 
100 mM Glucose 

i w mM 6-amino caproic acid 
100 mM 1,6 hexane diamine 
35 100 mM 1,8 diamino octane 
lOOmMSpennidine 
100 mM Spennine 



40 



0-1 7 mM n-dodecyl-B-D-maltoside NP 40 
20 mM n^ctyl-B-D^lucopyranoside 



^ " 1 The full-length P-secretase 

3L. 



<Tn- X-,00, MembranepnMeins can „, 
««W condtuons. such as the of a no,ionic ^ ^ 

^■nca 1 .Mc H «i„ <la e n >«s m c« mm o 1 u y « mploye<i . A number of membrane proteins 
PEObasrtsobeenuseds^Mry.o^,.,^^^^ 

to ^-"tab^b". which la* ^ 
*S-t52 (SEQ ID NO: 58), is crystallized 

5 induce crystallization in the drop. 

■ ^ iliW ™<h'lysisca„„e„^ 

«s. This method is partic „ latly ^ „„„ ^ ^ ^ ^ 

thelowcrtonicstrengtn. Various apparatuses a*l methods are used, hKh-iing 
m^odiffusion celU in which a di alysis membra is attached to the bottom of, capillary 
■»be whKhmay bebentatitsWc,^,,, T«e fnu. crys«lliza 0 on cor^ition is ^ex! 
by Slowly eh^ng fc composition of the ^ ^ A ^ ^ 

«^. WB ,«o„^ le ^„. Wradj ^ ss9iii|) Micr<)diffiKi011cdlsiin! 
.available from commercial suppliers such as Hampton Research (Laguna Niguel, GA) 
. One. crystallization is achieved, crystals characterized for purity (e.g. SDS-PAGE) 

the X-ray dtffraction, which is prefemM, onthe order of ,0- 1 J AngsUoms. The sdecKd 

as a Synchros source or rotating ant* generator, aM the resulting X-ray diffraction 
patterns are analyzed, using methods known in the art. 

In o» application, O-secreUse an,™ ^ ^ ^ ^ ^ 

Si 



WO 00/47618 



PCT/US00/03819 



directly acccessed by a computer. These data may be used to model the enzyme, a 
subdomain thereof, or a ligand thereof. Computer algorithms useful for this application are 



publicly and commercially available. 



2. Crystallization of Protein plus Inhibitor 

As mentioned above, it is advantageous to co-crystaffize the protein in the presence of 
a binding ligand, such as inhibitor. Generally, the process for optimizing crystallization of 
the protein is followed, with addition of greater than 1 mM concentration of the inhibitor 
ligand during the precipitation phase. These crystals are also compared to crystals formed in 
the absence of ligand, so that measurements of the ligand binding site can be made. 
Alternatively, 1-2 |U of 0.1-25 mM inhibitor compound is added to the drop containing 
crystals grown in the absence of inhibitor in a process known as "soaking." Based on die 
coordinates of the binding site, further inhibitor optimization is achieved. Such methods 
have been used advantageously in finding new, more potent inhibitors for HIV proteases 
(See, eg., Viswanadhan, V.N., et al J. Med. Chem. 39: 705-712, 1996; Muegge, L, et al J. 
Med Chem. 42: 791-804, 1999). 

One inhibitor Ugand which is used in these co^crystallizatibn and soaking experiments 
is P10— P4'staD->V(SEQ ID NO: 72), a statin peptide inhibitor described above. Methods 
for making the molecule are described herein. The inhibitor is mixed with p-secretase, and 
the mixture is subjected to the same optimization tests described above, concentrating on 
those conditions worked out for the enzyme alone. Cooidinates are determined and 
comparisons are made between the free and ligand bound enzyme, according to methods well 
known in the art Further comparisons can be made by comparing the inhibitory 
concentrations of the enzyme to such coordinates, such as described by Viswanadhan, et al, 
supra. Analysis of such comparisons provides guidance for design of further inhibitors, 
using this method. 

D. Biological Activity of P-secretase 

1. Naturally occurring P-secretase 

In studies carried out in support of the present invention, isolated, purified forms of P- 
secretase were tested for enzymatic activity using one or more native or synthetic substrates. 
For example, as discussed above, when p-secretase was prepared from human brain and 




) 



SI*y (las, step) ooanSDS-poly^toidege,^^^ 
2- bolaled Recombinaii p-seCTeiase 

^.«ocbe Mo^arBiocne^ R ese*c„, , ndiaBapofe ^ m> J^ 

^^^.«*-^-*-l-.- lh . talTO1114111w . il4 .^J^ 

lene^KUgO variable region splice acceptor. synoracally 

8« purified, and kpUrt ,sola.ed ft^M ^ BD 0 , 
prepared b y digesiing „•„, ^ Sroa] . ' °' ' 71,8 fn *™"' « 

b -.*^..wh i cb„.s fcnto ^™ 

Toc re a,e U ,epCE K „ ^^^^^".^•^""edbysequ^ing. 
W™^ ^ "Press™, v« or , the expression cassa.efi.mpCF was 

Iransferred inlolheEBV expression vector „n=D.. n ■ : "'PU'was 

sequences, ^C^S'*, 

flank-n e reg,on). pCFpA2 (cteneA2) contains Ml lennO, n . . ■ ™* M " 
PCFvec,or rc p 1 ica,esi.CO SM d2»Tc.,,s ^ 

P^a-e fracion v^ prepared from trT ^ ^ ' "* 

waning 0.2% Triton xToo TbeT, TOKf ™°«»»«x,rac,ed„i,h buffer 

X !00 The Tn,o„ extra* « as dieted with pH 5.0 buffer »*J passed 
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through a SPSepharose cohimn. After the pH was adjusted to 4.5, p-secretase activity 
containing fractions were concentrated, with some additional purification on P10- 
P4Xstatme)D^VSephan»e,asdesmT,edforthcbram Silver staining of fractions 

revealed co-purified bandson the gel. Fractions corresponding to these bands were subjected 
5 to N-tenninal amino acid determination. Results from these experiments revealed some 
heterogendtyofp^ecreta* These species represent various 

finiiis of me enzyme; for example, from tte 

that found in the brain, where (with respect to SEQ ID NO: 2) amino acid 46 is at the N- 
terniinus. Minor amounts of protem starting just after t^ ^ 
10 at tbe start of the aspartyl protease homologydon^ (Met^3) were also observed. An 
ao^oiial major fornrofprotein was found in Cos A2 cells, resulting ^ from cleavage at Gly- 
58. These results are summarized in Table 3, above. 

2. Comparison of Isolated, Naturally Occurring p-secretase with 

Recombinant 
15 P-secretase 

As described above, naturally occurring p-secretase derived from human brain as well 
as recombinant forms of the enzyme exhibit activity in cleaving APP, particularly as 
evidenced by activity in the MBP-C125 assay. Further, key peptide sequences from the 
naturally occurring form of the enzyme match portions of the deduced sequence derived from 
cloning the enzyme. Further confirmation that the two enzymes act identically can be taken 
from additional experiments in which various inhibitors were found to have very similar 
affinities for each enzyme, as estimated by a comparison of IC„ values measured for each 
enzyme under similar assay conditions. These inhibitors were discovered in accordance with 
a further aspect of the invention, which is described below. Significantiy, the inhibitors 
25 produce near identical IC,, values and rank orders of potency in braiiwlerived and 
recombinant enzyme preparations, when compared in the same assay. 

In further studies, comparisons were made between the full lenglh 
enzyme having a C-terminal flag sequence TLpSOl" (SEQ ID NO: 2, + SEQ ID NO: 45) and 
a recombinant enzyme truncated at position 452 "452Stop" (SEQ ID NO: 58 or SEQ ID NO: 
59). Both enzymes exhibited activity in cleaving P-secretase substrates such as MBP-C125, 
as described above. The CMenninal trua^ form of the enzyme ex^^ 
cleaving the MBP-C125sw substrate as well as the P26-P4' substrate, with similar rank order 
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of potency for the various inhibitor drugs tested. In addition, the absolute IQoS were 
comparable for the two enzymes tested with the same inhibitor. All ICjoS were less than 10 
uM. 

1. Cellular P-secretase 

5 Further experiments carried out in support of the present invention have revealed that the, 
isolated 0-secretase polynucleotide sequences described herein encode p-secretase or p- 
secretase fragments that are active in cells. This section describes experiments carried out in 
support of the present invention, cells were transfected with DNA encoding p-secretase alone, 
or were co-transfected with DNA encoding-secretase and DNA encoding wild-type APP as 
10 detailed in Example 8. 

a. Transfection with p-secretase 

In experiments carried out in support of the present invention, clones containing genes 
expressing the full-length polypeptide (SEQ ID NO; 2) were transfected into COS cells 
(Fugene and Effectene methods); Whole cell lysates were prepared and various amounts of 
15 lysate were tested for P-secretase activity according to standard methods known in the art or 
described in Example 4 herein. FIG: 14B shows the results of these experiments. As shewn, 
lysates prepared from transfected cells, but not from mock- or control cells, exhibited 
considerable enzymatic activity in the MPB-C125sw assay, indicating "overexpression" of P- 
secretase by these cells. 
20 b. Co-tr^fection of Cells with P-secretase and- APP 

In further experiments, 293T cells were co-transfected with pCEK clone 27, Figures 12 
and 13 orpoCK vectorcontaining the full length p-secretase molecule (1-501; SEQ ID NO: 
2) and with a plasmid containing either the wild-type or Swedish APP construct pohCK751 , 
as described in Example 8. B-specific cleavage was analyzed by ELISA and Western 
25 analyses to confirm that the correct site of cleavage occurs. 

Briefly, 293T cells were co-transfected with equivalent amounts of plasmids encoding 
PAPPsw or wt and P-secretase or control P-galactosidase (p-gal) cDNA according to standard 
methods. pAPP and P-secretase cDN As were delivered via vectors, pohCK or pCEK, which 
ajmot replicate in 293T cells (pCEK-ckrae 27, FIGs. 12 and 13; pohCK751 expressing PAPP 
751, FIG. 21). Conditioned media and cell lysates were collected 48 hours after transfection. 
Western assays were carried out on conditioned media and cell lysates. ELISAs for 
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detection of Ap peptide were carried out on the conditioned media to analyze various APP 
cleavage products. 

Western Blot Resits 

It is known that P-secretase specifically cleaves at the Met-Asp in APPwt and the 
Leu-Asp in APPsw to produce the Ap peptide, starting at position 1 and releasing soluble 
APP (sAPPP). Immunological reagents, specifically antibody 92 and 92sw (or 192sw), 
resj)ectively, have been developed mat specifically detect cleavage at this position in the 
APPwt and APPsw substrates, as described in US. Patent 5.721,130, incorporated herein by 
reference. Western blot assays were carried put on gels onwrhich cell lysates were separated. 
These assays were performed using methods well known in the art, using as primary antibody 
reagents Ab 92 or Ab92S, which are specific for the C terminus of the N-tenmijaJ.ftagment of 
APP derived from APPwt and APPsw, respectively. In addition, ELIS A format assays were 
performed using antibodies specific to theN terminal amino acid of the C terminal fragment. 

Monoclonal antibody 13G8 (specific for C-terminus of APP - epitope at positions 
675-^95 of APP695) was used in a Western blot format; to determine whether the transacted 
cells express APP. FIG.15A shows that reproducible transfection was obtained with 
expression levels of APP in vast excess over endogenous levels (triplicate wells are indicated 
asl,2,3inHG,15A). Three forms of APP - mature, immature and endogenous - can be 
seen in cells transfected with APPwt or APPsw. When p-secretase was co-tamsfected with 
APP, smaller C-terminal fragments appeared in triplicate well lanes from co-transfected cells 
(Western blot FIG. 15A, right-most set of lanes). In'parallel experiments, where cells were 
(^transfected with p-secretase and APPsw substrate, hterally aD of the mature APP was 
cleaved (right-most set of lanes labeled "l AT of FIG- 15B). This suggests that there is 
extensive cleavage by p-secretase of the mature APP (upper hand), which results in C- 
temiiiial fragments of expected size in the lysatc for cleavage at the P-secretase she. Ok 
transfection with Swedish substrate also resulted in an increase in two different sized CTF 
fragments (indicated by star). Inconjuction with the additional Western and EUSA results 
described below, these results are consistent with a second cleavage occurring on the APPsw 
substrate agathe initial cleavage at the p-secretase site. 

Conditioned medium from the cells was analyzed for reactivity with the 1 92sw 
antibody, which is specific for p-s-APPsw. Analysis using this antibody indicated a dramatic 
increase in P-secretase cleaved soluble APP. This is observed in the gel illustrated in FIG. 
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16B by comparing the dark bands present in the "APPsw Psec" samples to the bands present 
in the "APPsw pgaT samples. Antibody specific for p-s-APPwt also indicates an increase in 
P-secretase cleaved material, as illustrated in FIG. 16A.. 

Since the antibodies used in these experiments are specific for the P-secretase 
cleavage site, the foregoing results show that p501 p-secretase cleaves APP at this site; and 
the overexpression of this recombinant clone leads to a dramatic enhancement of p-secretase 
processing at the correct P-secretase site in whole cells. This processing works on the 
wildtype APP substrate and is enhanced substantially on the Swedish APP substrate. Since 
approximately 20% of secreted APP in 293T cells is P-sAPP, with the increase observed 
below for APPsw, it is probable that almost all of the sAPP is p-sAP?. This observation was 
further confirmed by independent Western assays in which alpha and total sAPP were 
measured. 

Monoclonal antibody 1736 is specific for the exposed a-secretase cleaved P-APP 
(Selkoe, et aL). When Western blots were performed using this antibody as primary 
antibody, a slight but reproducible decrease in a-cleaved APPwt was observed (FIG. 17A), 
and a dramatic decrease in a-cleaved APPsw material was also observed (note near absence 
of reactivity in FIG. 1 7B in the lanes labeled "APPsw psec"). These results suggest that the 
overexpressed recombinant p501 p-secretase cleaves APPsw so efficiently or extensively that 
there is little or no substrate remaining for a-secretase to cleave. This further indicates mat 
all the sAPP in APPsw psec samples (illustrated in FIG 1 6B) is B-sAPP 
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ABBLTSAP,^ 

Conditionedmedkf^^ 

tested for A6 peptide production by ELBA on microti,*- plates coated with monoclonal 
antftcdy2G3, winch* 

reagent biotinylated mAb 3D6, which measures AB(x^, (Le., al. N-tcnninos-^cated 
forms of the AB peptide). Overexpressioh of B-s«^wimAPPwt resulted in an 
^ximatelyWoMmcr^mAWx^pr^ 

percentage ofthe total. There was also a substantial mcreasem me production of ^ 
(FIG. 18). ™A^to MvfK ^ M ,^ bA9 ^ ^ 
^to^particubr^^^,^ .Mis^tte^^,^^ 

that processing of the APPsw substrate is much more emcient than that of the APPwt 
substrate. That is. a significant amount of APPsw is processed by endogen^ ^secr<^, so 
further mcreases upon transfection of B-secrctase are therefore Umited. These data indicate 
that the expression of recombinant P-sccretase increases A P pnxluction and that G-secrctase i S 
ratelunitingforproductionof Ap incells. This means that B-secretase enzymatic activity is 
rate hunting for production of AB in cells, and therefore provides a good therapeutic target. 
IV. Utility 

A- Expression Vectors and Cells Expressing B-secretase 

above r^ er T n8Md ~ 
^ve.forex^ple.ca.beachievedbyinsertingpol^^ 

^^^expressionvec^^ - 
standard methods discussed below. Such express.cn vectors and cells expressing, for 
sample, the human fJ-secretase enzyme described herein, have utility, for example in 
producmg components (punfied enzy m e or transfected cells) for the screening assays 
d~inPartB.be.ow. Such purifie d enzyme also has utility m providing starting 
matenals for crystallization of the enzyme, as desenbed in Section HI, above. In particular 
^cated form(s) of the enzyme, such as 1 -452 (SEQ ID NO: 59) and 46-452 (SEQ ID 
NO^Xandthedeglycosy,^ ^ortteeazyne^^^^^^^ 
"t.hty m tins regard, as are other forms truncated partway into the transmembrane region, for 
example 1-460 or 46-458. 
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Polynucleotide sequences which encode 
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human P-secretase, splice variants, fragments of the protein, fusion proteins, or functional 
equivalents thereof, collectively referred to herein as "p-secretase," may be used in 
recombinant DNA molecules that direct the expression of JWetase in appropriate host 
cells. Due to the inherent degeneracy of the generic code, other nucleic acid sequences that 
encode substantially the same or a functionally equivalent amino acid sequence may be used 
tocloneandexpressj^secretase. Such variations will be readily ascertainable to per^ 
skilled in the art. 

Tbepolynucleotideseq^nccs , ■•••„ , ^ be engmeered in orderto 

alter a p*ecretase coding sequence f* a variety ofi^m, including but not limited to. 
alterations that modifythe cloning, prc^mg a«<Vor expression of the gene pro^ 
example, alterations may be introduced using techmques whi<A are ^ 
c:g., site-directed mutagenesis, to insert hew restriction sites, to aHerglycosyIati«m patterns, 
tocliangecodonprefertmce.toproducespUcevariants^ For example, it may be 
advantageous to produce p-secretase -encodmg nucleotide sequ^ 
naturally occurring codons. Codons preferred by a particular prokaryotic or eukaryotic host 

increase the rate of p-secretase polypeptide expression or to produce recombinant RNA 
transcripts having desirable properties, such as a longer half-life, than transcripts produced 
20 ^naturaUyoccurrmgsequ^ 

enzyme in non-mammalian cells, such as bacterial, yeast, or insect cells. 

Recombinant constructs comprising one or more of the sequences as broadly described above 

* may te const ™ cted - ™° constructs comprise a vector, such as a plasmidor viral vector, into 

s whicha ^ ue ^^^n™^m^^ The construct may 

further comprise regulatory 

sequences, including, for example, a promoter, operably linked to the sequence. Large 
numbersofsuhablevectors ar*l promoters are krK,wn to mose of skUl in the art, and are 
commercially available. Ar^mprkte cloning and expression vector for use wim prokaryotic 
and eukaryotic hosts are also described in Sambrook, era/., (^ ra ). 
30 Hostcellsmay be genetically engineered with vectors described above, and proteins 

and polypeptides may be produced by recombinant techniques. Host cells are genetically 

engineered (i.e., transduced, transformed 
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ortansfected) with the vectors - which may be, lor example, a cloning vector 

or an expression vector. The vector may be, for example, in the form of a plasmid, a viral 
particle, a phage, etc. The engineered host cells can be cultured in conventional nutrient 
media modified as appropriate for activating promoters, selecting transforraants or amplifying 
the p-secretase gene. The culture conditions, such as temperature, pH and the like, are those 
previously used with the host cell selected for expression, ami w^ 
skilled in the jut Exemplary methods for transfection of various types of cells are provided 
in Example 6, herein. 

As described above. — ; ...... _ 1,05,^ 

can be cp-transfected with an enzyme substrate, siwh as wim APP (s«A as ^ 

Swedish mutation form), in order to measure activity in a cell environment Such host cells 

are of.particular utility in — screening assays — — ^ - particularly for 

screening for therapeutic agents mat are able to traverse cell membranes. , 

The polynucleotides — — —may be included in any of a variety of 

expression vectors suitable for expressing a polypeptide. Such vectors include chromosomal, 
nonchromosomal and synthetic DNA sequences, e.g., derivatives of SV40; bacterial 
plaanids; phage DNA; baculoyirus; yeast plasmids; vectors derived from combinations of 
plasmids and phage DNA, viral DNA such as vaccinia, adenovirus, fowl pox virus, and 
pseudorabies. However, any other vector may be used as long as it is repiicable and viable in 
the host The appropriate DNA sequence may be inserted into the vector by a variety of 
procedures. In general, the DNA sequence is inserted into an appropriate restriction 
endonuclease sjte(s) by procedures known in the art. Such procedures and related sub- 
cloning procedures are deemed to be within the scope of those skilled in the art. 

The DNA sequence in the expression vector is operatively linked to an appropriate 
transcription control sequence (promoter) to direct mRNA synthesis. Examples of such 
promoters include: CMV, LTR or SV40 promoter, the K coli lac or up promoter, the phage 
lambda PL promoter, and other promoters known to control expression of genes in 
prokaryotic or eukaryotic cells or their viruses. The expression vector also contains a 
ribosome binding site for translation initiation, and a transcription terminator. The vector 
may also include appropriate sequences for amphfying expression. In addition, the 
expression vectors preferably contain one or more selectable marker genes to provide a 
phenorypic trait for selection of transformed host cells such as dihydrofolate reductase or 
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iieomycin resistance for cukaiybtic cell culture, or such 
resistance ihE. coif. 

The vector containing the appropriate DNA sequence as described above, as weU as 
an appropriate promoter or control sequence, may be employed to transform an appropriate 
host to permit the host to express the protein., Exairiples of appropriate express 
include: bacterial cells, such as B. coli, Streptomyces, and Salmonella typhimurium; fungal 
cellvsuch as yeast; insect cells such as Drosophila and Spodoptera Sf9; mammalian cells 
suchasCHO, COS, BHK, HEK293 or Bowes melanoma; adenoviruses; plant cells, etc. It is 
understood that not all cells or cell lines will be capable of producing fully functional p. 
scc re tase;f OT exanmle,ity P robablcu^ 

form, and such glycosylate may be necessary for activity. In this event, eukaryotic host 
ccUs may be preferred. The selection of an appropriate host is deemed to be within the scope 
of those skilled in the art from the teachings herein. \ '■ " 



In bacterial systems, a number of expression vectors may be selected depending upon 
meuse mtended fbrp-secretase. For example, When large quantities of fJ-secretase or 
fragments thereof are needed for the induction of anti^^ 
expression effusion proteins that are readily purified, may be desirable. Such vectors 
include, but are hot limited to, multifunctional E\ coli cloning and expression vectors such as 
20 Bto«cript(R)(Su^^ 

ligated into the vector in-frame with sequences for the amino-teiminal Met and the 
subsoqueinynsiduesofbete-galactoridaseso 

(Van JHeeke & Schuster (1 989) J Biol Chem 264:5503-5509); pET vectors (Novagen, 
Madison WI); and the like. 

In the yeast Saccharomyces "ro^anumberofvectbrecont^ 
inducible promoters such as alpha factor, alcohol oxidase and PGH may be used. For 
a reviews, see Ausubel et al. (supra) and Grant et al. (1 987; Methods in Enzymology 153:5 16- 

544). 

In cases where plant expression vectors are used, the expression of a sequence 
JO ^cwungfrseoeta^^ 

promoters such as the 35S and 19S promoters of CaMV (Brisson et al. (1984) Nature 
310:511-514) may be used alone or in combination with the omega leader sequence from 
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TMV (Takamatsu et al (1987) EMBO J 6:307-31 1). Alternatively, plant promoters such as 
the small subunit of RUBISCO (Coruzzi et al (1984) EMBO J 3:1671-1680; Brogiie et al 
(1984) Science 224:838-843); or heat shock promoters (Winter J and Sinibaldi RM (1991) 
Results. Probl. Cell Differ. 17:85-105) may be used. These constructs can be introduced into 
plant cells by direct DNA transformation or pathogen-mediated tramfection. For reviews of 
such techniques, see Hobbs S or Murry LE (1992) in McGraw Hill Yearbook of Science and 
Technology, Mc^^ York, N.Y., pp 191-196; or Weissbach and Weissbach 

(1988) Methods for Plant Molecular Biology, Academic Press, New York, N.Y., pp 421-463. 

P-secretase may also be expressed in an insect system. In one such system, 
Autographa californica nuclear polyhedrosis virus (AcNPV) is used as a vector to express 
foreign genes in S£9 cells or mTrichoplusia\irv*c. The p-secretase 

coding sequence is cloned into a nonessential region of the virus, such as the polyhedrin gene, 
and placed under control of the polyhedrin promoter. Successful insertion of Kv^SL coding 
sequence will render the polyhedrin gene inactive and produce recombinant virus lacking coat 
protein coat. The recombinant viruses are then used to infect S.frugiperda cells or 
T richoplusia larvae in which p-secretase is expressed (Smith et al. (1983) J Virol 46:584; 
Engelhard EK etal (1994) Proc Nat Acad Sci 91 :3224-3227). 

In mammalian host cells, a number of viral-based expression systems may be utilized. 
In cases where an adenovirus is used as an expression vector, a p-secretase coding sequence 
may be Kgated into m adenovirus tran^ 

promoter and tripartite leader sequence. Insertion in i nonessential El or E3 region of the 
viral genome will result in a viable virus capable of expressing the enzyme in infected host 
cells (Logan and Shenk (1984) Proc Natl Acad Sci $1:3655-3659). In addition, transcription 
enhancers, such as the rous sarcoma virus (RSV) enhancer, may be used to increase 
expression in mammalian host cells. 

Specific initiation signals may also be required for efficient translation of a P- 
secretase coding sequence. These signals include the ATG initiation codon and adjacent 
sequences. In cases where p-secretase coding sequence, its initiation codon and upstream 
sequences are inserted into the appropriate expression vector, no additional translation! 
control signals may be needed. However, in cases where only coding sequence, or a portion 
thereof; is inserted, exogenpus transcriptional control signals including the ATG initiation 
codon must be provided. Furthermore, the initiation codon must be in the correct reading 
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Wtoensutetranscri^tionoftheentfaeinserL Exogenous transcriptional clients and 
prtiahoncodons can be ofvarious origins, both natural and synthetic. The efficiency of 
expresdonmaybeenbimcedbytteinclusion^ 

use (ScharfD et at. (1994) Results ProbI Cell Differ 20:125^2; Biflnerer at (1987) Metnc<ls 
5 in Enzymol 153:516-544). 

Host cells may contain the — — ' 

abovenlespribedco^nicts. TliehostceUcanbeahighereukaryoticcell.suchasa 
matnn.ahan. ceU. or a lower eukaryotic cell, such as a yeast cell, or the host cell can be a 
V*n*kW*A*nbm*U*U. InlnKiucUonofthecor^ctintot^ 

10 effected by calcium phosphate transfection, DEAE-Dextran mediated transfection, or 
. electroporation (Davis, L., Dibner, M., and Battey, L (1986) Basic Methods in Molecular 
Biology) or newer methods, including lipid transfection with 'TUGENE" (Roche Molecular 
Btochemicals, Indianapolis, IN)or "EFFECTENE" (Quiagen, Valencia, CA), or other DNA 
earner molecules. Cell-free translation systems can also be employed tbproduce 

15 P°'>pcptides using RNAs derived from the DNA constructs. 

Ahostcellstrammayl»chosenfqritsabiUtytomodulatemee^ 
inserted sequences or to process the expressed protein m me desired fashion. Such 
modifications of the protein include, but axe not limited to, acetylation, carboxylation, 
glycosylation, phosphorylation, lipidation and acylation. Post-translauonal processing which 

20 cleaves a "prepro" form of the protein may also be important for correct insertion, folding 
and/or function. For example, in the case of Necretase, it is 1^ 
r SEQ1D NO: 2 is truncated, so that the protein begins at amino acid 22, 46 or 57-58 ofSEQ 
ID NO: 2. Different host cells such as CHO, HeLa, BHK, MDCK, 293, WI38, etc. have 

■* specific cellular machinery and characteristic mechanisms for such post-trahslational 

25 •**fctndiii»ybeclip«^ 
introduced, foreign protein. 

For long-term, high-yield production of recombinant prot^s, stable expression may 
be preferred For example, cell lines that stably express (J-secretase may be transformed 
usmg expression vectors which contain viral origins of replication or endogenous expression 
30 dements andaselectablemarker gene. Following the introduction of the ve«or, cells may be 
allowed to grow for 1 -2 days in an enriched media before they are switched to selective 
media. The purpose of the selectable marker* to corJer resistance to selection, and its 
presence allows growth and recovery of cells that successfully express the introduced 
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sequences. Resistant clumps of stably transformed cells can be proliferated using tissue 
culture techniques appropriate to the cell type. For example, in experiments carried out in 
support of the present invention, overexpression of the M 452stop" form of the enzyme has 
been achieved. 

Host cells transformed with a nucleotide sequence encoding p-secretase may be 
cultured under conditions suitable for the expression and recovery of the encoded protein 
from cell culture. The protein or fragment thereof produced by a recombinant cell may be 
secreted, membrane-bound, or contained intracellularly, depending on the sequence and/or 
tiie vector used. As will be understood by those of skill in the art, expression vectors 
containing polynucleotides encoding P-secretase can be designed with signal sequences 
which direct secretion of P-secretase polypeptide through a prokaryotic or eukaryotic cell 
membrane. ' 

P-secretase may also be expressed as a recombinant protein with one or more 
additional polypeptide domains added to facilitate protein purification. Such purification 
facilitating domains include, but are not limited to, metal chelating peptides such as histidine- 
tryptophan modules that allow purification on immobilized metals, protein A domains that 
allow purification on immobilized immunoglobulin, and the domain utilized in the FLAGS 
extension/affinity purification system (Immunex Corp, Seattle, Wash.). The inclusion of a 
protease-cleavable polypeptide linker sequence between the purification domain and P- 
secretase is useful to facilitate purification. One such expression vector provides for 
expression of a fusion protein comprising p-secretase (e.g t , a soluble p-secretase fragment) 
fused to a polyhistidine region separated by an enterokinase cleavage site. The histidine 
residues facilitate purification on IMIAC (immobilized metal ion affinity chromatography, as 
described in Porath et al. (1992) Protein Expression and Purification 3:263-281) while the 
enterokinase cleavage site provides a means for isolating P-secretase from the fusion protein. 
pGEX vectors (Promega, Madison, Wis.) may also be used to express foreign polypeptides as 
fusion proteins with glutathione S-transferase (GST): In general, such fusion proteins are 
soluble and can easily be purified from lysed cells by adsorption to ligand-agarose beads 
(e.g. f glutathione-agarose in the case of GST-fusions) followed by elution in the presence of 
free ligand. 

Following transformation of a suitable host strain and growth of the host strain to an 
appropriate cell density, the selected promoter is induced by appropriate means (eg., 
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tempcra^^ftorchenucal^^ ^ 
are typtcally harvested by centrifogation, disrupted by physical or chemical means, and the 
"suiting crude extract retained for further purification. Microbial cells employed in 
express^ of proteins can be disrupted by any convenient method, including frecze-thaw 
cycling, sonication, mechanical disruption, or use of cell lysing agents, or other methods, - 
which are well know to those skilled in the an 
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» can be recovered and purified from recombinant cell cultures by any of a 

herem. Protein refoHingsteps can be used, as m^.^coB^amB^afBaa^ 
matureprotein. ^^m^*,.^.^,,^-.^^^ 

of P-secretase are provided in the Examples. 

B. Methods of Selecting p-secretase Inhibitors 

Molecules, such as synthetic drugs, antibodies, peptides, or other molecules which 

as.nhtbuors.antagon^^ yrefeiredto 

Such an assay includes the steps of providing a human p%secretase, 
such as the P-secretase which comprisesSEQ ID NO: 2, SEQ ID NO: 43, or " 

~ - an isolated protein, about 450 amino acid 

rescues in length, which includes an amino acid sequence that is at least 90% identical to 
SEQ ID NO: 75 J63-423] including conservative m**^*.*^**** 
«^-elMfc.id»^ta* L The B-secretase enzyme is contacted with a test 
compound to determine whether it has a modulating effect on ft.*** of the enzyme, as 
Ascussedbelow.andselectingfh^tert 
achv,ry. mparticular,irmmitory^ 

duease conditions associated with amyloid deposition, particularly Alzheimer's disease 
Persons skilled in the art will understand that such assays may be conveniently transformed 
into kits. 

Particularly useful screening assays a^^^,^^^,^^ ; 
APP. Suchcellscanbemaderewmb^ 

polynucleotides encoding the proteins, as descnbed in Section IH, above, or can be made by 
tnurfecfmgacel^ ^ 

if* 
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P^^MmenVsuch^^ 

to varymg concentrations of a test compound or i^omA^Mt^t^^^ 

«^^c«.b.d B | ( n^.«^ My . Who.ecelHysat^.culturedmediaorceU 

^^^y^^s^^ Testc^un^^ichsigmncaatlyi^ 
5 ^*«°^toc^ 

Isolated p-secretase, its ligand-binding, catalytic, or immunogenic fiagments, or 
oh gc1 Kp ti d«the^^ 
^"reeningte^^ 

free m solution, affixed to a solid support, borne on a cel. surface, or located intracellular* 
Tne formation of binding complexes betweenfWtaseandti^ 
measuredConvoundsthatinhftitbrn^ 

APP or APP fragments, may be detected in such an assay. Preferably, enzymatic activity will 
be momtored, and candidate compounds will be selected on the basis of ability to inhibit such 
**v,ty. More specifically, a test compound will be considered as an inhibitor of p-secretase 
15 lf » e ™^|Wtaseacti^^ 

mtne absence of test cojnpound. In this context, the term "significantly lower" means that in 

the presence pf the test compound the enzyme displays an enzymatic activity which, when 

compared to enzymatic activity measured in the absence of test compound, is measurably , 

lower, w.thin the confidence limits of the assay method. Such measurements can be assessed 

bvaciumgemK.ano7brV„. s ^ 

•n the art Exemplary methods for assaying Mec^ 

For example, in studies carried out in support of tnepresent invention, compounds 
we^selectedbasedonmeirabi^ 
^"^tltaiinh^^ 
» were selected for further screening. 



10 



~~ ^ Based on studies carried out in support of 

*e mvention, it has been determined that the peptide compound described herein as P10- 
P4'«aD.>V(SEQIDNO: 72) is a reasonably potent umftitor of the e^e. Further studies 
based on this sequence and peptidomimetics of portions of this sequence have revealed a 
number of small molecule inhibitors. 
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Random libraries of peptides or other compounds can also be screened for 
suitability as P-secretase inhibitors. Combinatorial libraries can be produced for many types 
of compounds that can be synthesized in a step-by-step fashion. Such compounds include 
polypeptides, beta-turn mimetics, polysaccharides, phospho^ 
5 aromatic conrpoimd^h* 

substituted glycines and ohgocarbamates. Large combinatorial libraries of the compounds 
can be constructed by the encoded synthetic libraries (ESL) method described in Affymax 
WO 95/12608; Afrymax, WO 93/06121, Columbia University, WO 94/0805 1, Phannacopeia, 
WO 95/35503 and Scripps, WO 95/30642 (each of which is incorporated by reference for all 
10 purposes). 

A preferred source of test compounds for use in screening for therapeutics or 
theraDeuticleadsfcaphagcdi^laylibnny. See, eg., Devlin, W0 91/18980; Key, BJC er 
al, eds. Phage Display of Peptides and Proteins. A Laboratory Manual, Academic Press, San 
D.ego,CA,1996. Phagedisplay is a powerful technology that allows one to use phage 
genetics to select and amplify peptides or proteins of desired characteristics from libraries 
contatning 10M0> different sequences. Libraries can be designed for selected variegation of 
an ammo acid sequence at desired positions, allowing bias of the library toward desired 
characteristics. Libraries are designed so that peptides are expressed feed to proteins that are 
d^layedonmesurfaceofthebacteriophage. Thephage displaying peptides of the desired 
characteristics are selected and can be regrown for expansion. Since the peptides are 
amplified by propagation of the phage, the DNA from the selected phage can be readily 
sequenced rotating rapid arialyses of the selected peptides. 

Phage encoding peptide inhibitors can be sdected by sclectkg for phage tliat bind 
specifically to P -secretase protein. Libraries are generated fused to proteins such as gene H 
that are expressed on the surface of thephage. The libraries can be composed of peptides of 
vanous lengths, linear or constrained by the inclusion of two Cys amino acids, fused to the 
phage protein ormay also be fused to addmonal proteins as a scaffold. One may start with 
hbranestomposedofrandom amino acids or with ^rariesttot are biased to sequences in the 
pAPPsubstratesu^undbgmep-se^ ^ 
substituted site exemplified in SEQ ID NO: 72. One may also design libraries biased toward 
the peptotfc inhibitors and substrates described herem or b^ 

obtamed from the selection of bmdmg phage from the initial libraries provide additional test 
inhibitor compound. 



20 



25 



30 



seleclaHW ' S lmm0 ' > ''' 2c<i and phage specifically binding to the P-secrctasc 

""T*.*" ~ ^ *• «W «*. "is. FLAG or my c tags, ,„ i*. 

0 «—U^ ^^^^^^ ^ 

2"-*"** ^^—-^sclccionis repeat onUlapopo^o, 

^ascc,^^^ 
cxprcssmgp-secretase. 

t>y phage display into inhibitors. 

^^^^^^^^^^.^-^ . 

P-secr^sc. As mention above, knowledge of the sequence of a particularly go** penude 
inhibitor, P10-P4staD->V rqRn m Mr» <7ox , ^ucuiany gooa peptide 

for settrng up a "biased" library toward this sequence. 

For example, the peptide substrate library containing in* h;it . 
.r>*„™. • , . «>niaining 10 ditTerent sequences s fused 

^ ^^^^^^^^^^^^ 

^■-«. ims ,^ ^is^tio,, is ^ 
«.l a W u,at,o„ of phage ending ^ ^ „ ^ ^ 
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the phage is sequenced to yield the substrate sequences. These substrates are then used for 
farther development of p^tidornimetics, particularly peptidomimetics having inhibitory 
properties. 

Combinatorial libraries and other compounds are initially screened for suitability by 
detennining mefr capacity to bind to, or preferably, to inhibit p-secretase activity in any of 
the assays described herein or otherwise known in the art Compounds identified by such 
screens are then further analyzed for potency in such assays. Inhibitor compounds can then 
be tested for prophylactic and merapeutic efficacy in transgenic animals predisposed to an 
amyloidogenic disease, such as various rodents bearing a human APP-cbntaining transgene, 
e.g t mice bearing a 717 mutation of APP described by Games et aL, Nature 373: 523-527, 
1995 and Wadsworth et aL, (US 5,81 1,633, US 5,604,131, US 5,720,936), and mice bearing a 
Swedish mutation of APP such as described by McConlogue et al. (US 5,612,486) and Hsiao 
et al. (U.S 5,877,399); Staufenbiel et al., Proa Natl Acad. Sci. USA 94, 13287-13292 (1997); 
SturcWw-Piena^ USA94, 13287-13292 (1997); Borchelt etaL, 

Neuron 19, 939-945 (1997), all of which are incorporated herein by reference. 

Compounds or agents found to be efficacious and safe in such animal models will be 
further tested in standard toxicological assays. Compounds showing appropriate 
toxicological and pharmacokinetic profiles will be moved into human climcal trials for 
treatment of Alzheimer's disease and related diseases. The same screening approach can be 
used on other potential agents such as peptidoinimetics described above. 

In general, in selecting therapeutic compounds based on the foregoing assays, it is 
useful to detennine whether the test compound has an acceptable toxicity profile, e.g. 9 in a 
variety of in vitro cells and animal model(s). It may also be useful to search the tested and 
identified comp6und(s) against existing compound databases to determine whether the 
compound or analogs thereof have been previously employed for pharmaceutical purposes, 
and if so, optimal routes of administration and dose ranges. Alternatively, routes of 
administration and dosage ranges can be determined empirically, using methods well known 
in the art (see, e.g. f Benet, LZ* et al. Pharmacokinetics in Goodman & Oilman 's The 
Pharmacological Basis of Therapeutics. Ninth Edition, Hardman, J.G., et al, Eds., McGraw- 
Hill, New York, 1966) applied to standard animal models, such as a transgenic PDAPP 
animal model (e.g. t Games, D. f et al Nature 373: 523-527, 1995; Johnson-Wood, K., et al., 
Proc. Natl. Acad. Sci. USA 94: 1550-1555, 1997). To optimize compound activity and/or 
specificity, it may be desirable to construct a library of near-neighbor analogs to search for 

5i 



C. Inhibitors and Therapeutics 

*b,o^ To summarize, guidance is provided for specific methods of serening fo 

dmctcd ,o • specific peptide substratfnhibta sequences, such as riO N *aD->V 
(SEQ ID NO: 72), on which drug design can be based and additional souices, such as 
b,ased phage display bbraries, ma AcK1 |d provide addition* ,ead eomp^nds 

siteoftr^'v ^'"^^^'"f^^-^of-he binding 

n^T T*' *^»"~^*^*>--~*~**m*. 

pfcurmaco W'lb (he originally discovered compounds,but which share-a common 

pharmacophore structure and activity. Xes( compounds are assayed in any oflhe inhibitor 
assays described herein, „ various stages in development. Therefore, p.seere«e 
■nhbttory agents can be discovered by any of the methods described herein 
~,y,heinh^^ 

T"°T* *> ''" -'Aera .fAJzheimer-s disease, as weil „ 

.mportan, to C ons,der wirh respect ,„ these therapeutic candidates. 

D. Methods of Diagnosis 

Individtals who carry mutations that provide enhanced p^secretase activity «„ » 
otagnosed. Forewmple. mere are forms of — ">*«*™ycan * 



fam.l,al AfrAeimer's disease in which the berrying genetic disorder has ye, ,„ be 
rccogmzed. Members 't^ro^*,^^^^^ 
*— .„ thenucleotide sequence tha, encodes P-secretase anoVor promoter regions 
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thereof, since it is apparent, in view of the teachings hen^ that indivi«!uals wto 
of the enzyme or possess catalytically more efficient fonns of the enzyme would be likely to 
produccrelativelymoreAPpeptide. Support for this supposition is provided by the 
observation, reported herein, that the amount of P-secretase enzyme is rate limiting for 
production of Ap in cells. 

More specifically, persons suspected to have a predilection for developing for 
developing or who already have the disease, as weU as memoers of fite general population^ 
may be screened by obtaining a sample of ^«hek cells, which may be W«k1 cells or fibrobh^ 
for^ie^dtestingmesamplesforthepr^^ 

.gene, in comparison to SEQ ID NO: 1 described herein, for example. Alternatively or in 
addition, cells from such individuals can be tested for P-se^ activ^ 
embod,mcnt, a particular enzyme preparation might be tested for increased affinity and/or 
Vmaxvrfmrespecttoa^^ 

comparison made to the normal range of values measured in the general population. 
Individuals whose P-secretase activity is increased compared to normal values are susceptible 
to developing Alzheimer's disease or other amyloidogenic diseases involving deposition of 
AP peptide. 

E. Therapeutic Animal Models 

Certain transgenic and/or knockout animals can be created that are also useful in the 
screening assays described herein. Of particular 



use is a transgenic animal that overexpresses the P-secretase enzyme, such as by adding an 
add,tion a l copy of the mouse enzyme or by adding the human enzyme. Such an animal can 
bemadeaccordmgtomethodsweUknownmmeartCe.^ 
25 ' '^-•IIBWIIMUS WUl.W^lfc^^n, 

5.612,486; Hsiao et al,U.S 5,877,399; and "Manipulating the Mouse Embryo, A Laboratory 
Mamial,"B.Hogan,F.CostantiniandELacy,ColdSprm^ 1986)), 
substituting the one or more of the constructs described with respect to p-secretase, herein, 
for.the APP constructs described in the foregoing references, all of which are incorporated by 
30 reference. 

An overexpressing P-secretase transgenic mouse will make higher levels of Ap and 
sPAPP from APP substrates than a mouse expressing endogenous p-secretase. This would 
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facilitate analysis of APP processing and inhibition of that processing by candidate 
therapeutic agents. The enhanced production of A|J peptide in mice transgenic for P-secretase 
would allow acceleration of AD-like pathology seen in APP transgenic mice. Tins result can 
be achieved by either crossing the P-secrctase expressing. mouse onto a mouse displaying 
AD-like pathology (such as the PDAPP or Hsiao mouse) or by creating a transgenic mouse 
expressing both the p-secretase and APP transgene. 

Such transgenic animals are used to screen for p-secretase inhibitors, with the 
advantage that they will test the ability of such inhibitors to gain entrance to the brain and to 
effect inhibition in vivo. 

A so-called "knock-out mouse" in which the endogenous enzyme is either 
pennanentlyCasde^^ 

which are incorporated by reference in meir entirety) or indudbly deleted (as 
described in US Patent No. 4,959,317, which in incorporated by reference in its 
entirety), or which is inactivated, is described in further detail below. Such mice serve 
as controls for P-secretase activity and/or can be crossed with APP mutant mice, to 
provide validation of the pathological sequelae. Such mice can also provide a screen 
for other drug targets, such as drugs specifically directed at Ap deposition events. 

P-secretase knockout mice provide a model of the potential effects of 6-secrctase 
inhibitors in vivo. Comparison of the effects of P-secretase test inhibitors in vivo to the 
phenotype of the P-secretase knockout can help guide drug development. For example, the 
phenotvpemayormaynolincludepa^ . 
inhibitors. If the knockout does not show pathologies seen in the drug-treated mice, one 
cpuld infer that the drug is interacting non-specifically with another target in addition to the 
P-secretase target. Tissues from the knockout can be used to set up drug binding assays or to 
carry out expression cloning to find the targets that are responsible for these toxic effects. 
Such information can be used to design further drugs that do not interact with these 
undesirable targets. The knockout mice will facilitate analyses of potential toxicities that are 
inherent to B-secretase inhibition. Knowledge of potential toxicities wi ll help guide the 
design of design drugs or drug-delivery systems to reduce such toxicities. Inducible lockout 
mice are particularly useful in distinguishing toxicity in an adult animal from emb^onic 
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inducible knockout will be advantageous. 

- M-*ty for developing kncK*™, „, ice tov e ra!uured ,„,„,, 

WgemcSct^P^NJ,. Me0iodo l .6i ra a rc » te ,availab.ei nl hea fl .,S«,Oa l , i . 
«£^«*>.»-«* M* .81: 1-15, , WS) . Briefly.a^cl.neofthe 

Where, as in thepresen, lhe raons 

^-"""^or.ouseWlogue^d.o.b.ainin Jal f0 T 
*»>*<>«. ,»„, eonstacti,,,. Appropriate regie™ are then sub-doned into a W«T 

cel bres , aa „,,o mi ^ |) ^ ideanljb . ote ^ hasgeiitooyc . ii 

engineered for disruption of the gene of interest, such as by insertion of a sequence 

serves as , disrupting the c™,^ of ^ ^ ^ ^ ^ 

engineer^ f„, jnl0 ^ ^ ^ ^ ^ ^ 

-lated. Positive es ^ „ micro . inj ^ ^ ^ ^ 
chu^enc animal „hic* are then bred and screed for gem,,™, hans^ssion „ fc ^ 

P^secretase knock*out mice can be generated such that the mutation is 
inducible, such as by insert i„ the knock-out mice a lox region flanktag the 
Necraase gene region. Such mice are then crossed with mice bearing a 

te^ efa^ When expression Xre-is^it^es to disrupt me 
Zt^T ^ beto ™- S »* a " C «-'-" — ^iculanyu^Lwho,^ 
fcrknockingou, me gm e in selected tissues, suchasthe brain. Methods for generating Cr. 
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. invention. 

Example 1 

Isolation of Codin>, Sequences for Human ft-s^c 
A. PCR Cloning 

Poly A+ RNA from IMR human neuroblastoma cells was reverse transcribed using 
the Pedcm-Elmcr ki, Eight degenerate primer pools, each 8 fold degenerate, encoding ft. 
N and C terminal portions of the amino acid sequence obtained from the purified protein 
wcrcdesigned (show, in Table 4; oi.gos 3407 through 3422 K SBQ B> NOS: 3-21). PGR reactions - woe 
composedofcDNA from 10ngo rRNA, 1 .5 mM MgCI,, 0.125 ul AmpliTaq® Gold, ,60 
uMeachdNTPCp.u^oaM^^ 

TAQ buffer (from AmpliTaq® Gold kit, Perkin-E.mer, Foster City, CA ), in a 25,,. reaction 
volume. Each of oligonucleotide primers 3407 through 34,4 was used in combination with 
each of oligos 34,5 through 3422 for a tota, for 64 reason, Reactions were run on the 
P^.n-E.n^7700Sc^ ^.^ 
95 C. 4 cycles of, 45 ^annealing for ,5 second, 72 ' C extension for 45 second and 95 - C 
denaturation for , 5 seconds followed by 35 cyc.es under the same conditions with the 
except™ that the annealing temperature was raised to 55 »C . (The foregoing conditions are 
referred to herein as "Reaction , conditions.") PCR products were visualized on 4% agarose 
ge. (Northern b,ols) >nd a prominent band of the expected size (68 bp) was seen in reaction., 
parttcularly with theprimers 35,5-35,8. The 68 kb band was sequenced and the interna, 
region coded for the expected amino acid sequence. This gave the exact DNA sequence for 
22 bp of the interna, region of this fragment. 

Additional sequence was deduced from the efficiency of yaripus primer pools of 
discrete sequence in generating this PCR product Primer pools 3419 to 3422 (SEQ ID 
NOS: 15-18) gave very poor or no product, whereas pools 3415 to 3418 (SEQ ID NOS: 
.1 1-14 respectively) gave robust signal. The difference between these pools is a CTC (3415 
to 34.8) (SEQ ID NOS: 1 1-14) vs TTC (3419 to 3422) (SEQ ID NOS: 15-18) in the 3' 
most endof the pools. Since CTC primed more efficiently we can conclude that the 
reverse complement GAG is the correct codon. Since Met coding is unique it was 
concluded that the following codon is ATG. Thus the exact DNA sequence obtained is: 



20 



"2% 

• • . 



30 



^ CCC.GGC.cGGAGG.GGC-AGC.TTT.GTG.S^Q j ^jg^^ (SEQ n> NO 49) 
«—»•—-. «a-^« PGRRGSFVEMV (SEQ ID NO- SO) This 

size can provide information on the abundance of this clone in a library or source and 
• ^^■n»elbesiz«„f ai .fi,,, lene(hclmeormKsage ^ 

NO: 20) ff^e 4) can be carried ou, using fc 23 ^ ^uione^OO 

AmpliTari®GoldkiK)williUiefollomnB-25ul ~w , 

. ™rauowing. 25 ul reacuon volume 1.5 mMMgCl,, 

m.n a, 72 Product was pun f led on a QuiilgC n PCR puriHcata, kit and used as a 
substrate for randompriming to generate a radiolabclled probe (Sambrook, el at ' 
*~ Arners^ RediP™® „,). nis ^ ^ ^ , o ^ ^ ^ 
PCEK clone 27 shown in FIGS. 12 and 13 (A-E) (SEQ ID NO: 48) 
Derivation offnll lego, pC EKcione 27 

.-Utedlrorn pan^h^ ^ The cloning vector was pCEK2 (FIG. 12). 

pCEK2 

Stmtagenc w,th some modifications. The inserts were then r™ .• . ' A 

sizes Atr.. 9 i«rr <■ • fractionated according to their 

«~ A total of five fracUons were individual* ,i ga ,ed with double-cut (Not, and Xho,) 

3> 



10 



.oa«ep„„,| awplasmi , s ^'^'"X^Goldwh.cb.sdesigned 

r ' ' 0,a ' ° f wee ,he„ * JTL ■ 

■NO: 7) and 3417 (SEQ ID NO: 13) shown above) 

P^^wa* genera^ using 3458 (SEQ ID NO: 19) and 3468 (SEQ ID NO- 20)^ 
pnn>«a„dcIo| K 9C7B.35(30»g) M ,„bs lnlte . «U20)as 

'hat it contons a coding region of 1.5 kb. FIG I3CA Kictm ' it 
20 fOK^t^tnw,^^ (^-h) shows Ihc sequence of . 



SEQ ID 
NO. 
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T 
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Pool No. 

3407" 
3408 
3409 



3410 



Table 4 



3411 



3412 



3413 



3414 



Nucleotide Sequence 

if ^T[ at u Si : b ?'' m,iOTK W Sh ° Wn in Parenth^O 



ag ^c.g^ga).ga^Bc^SaoS^:cc 



cc 



AGA gag:,5a ^aTga7gak^ 



AGA.GAC.GA(GA).GA(GATCC(CG)^AG^A~ 



cc 



cc 
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IF 
15" 



3415 
3416 
3417 



CGTC^.CAO.(GA)TT\(G^ TCAAC.CAT.CTC 
CG.TCACAG.(GA)IT^G^ TAC^AT\Cre' 
CG.TCA.CAG.(GA)TT.(GA)TC.CAC.CAT.Cre 



CG.TCACAG.(GA)IT.(GA)TC.GAC.CAT.CTC 




Example 2 

fo^inP of human fetal ^>"if] cDNA lih^ry 

d _ ri " 4 We " S fr ° m ^ masler P ,a,e Were using PCR. The Reaction 1 Conditions 

LB/ampp.atesands,ngle colonies «^^to^R Kfl0l ^J^ 

well ass sequence that ■^.-^»T te3 . iBqi ^ dH « c ^^ 

suggest^ that this was not a fu.Uength Cone, consistent with Northe, b.ot data 



Example 3 
PCR Cloning M^h/yfc 
: 3-RACE was used in experiments earned out in support of the present indention to 
elucdate the po.ynucleot.de encoding human P -secre,ase. Methods and conditions 
appropnate for replicating the experiments described herein and/or deten.in.ng 
polynudeotidesequeneesencodingaddiiionalmem 

proteases described herein may be found, for examp.e, in White, B.A., ed., PCR Conino 
Protocols; Humana Press, Totowa, NJ, .997,or Ausube.,^, both of wh,ch are 
incorporated herein by reference. 

0 RT-PCP, 

Barters. Inmscrirrfon^lyrr^drin reaction (RT-PCR). two partM, degenerate 
"V** -PH^of , cDNA fagn*« encoding*, ^ Kixrsa 

'nNNt^ ^™ s< "'' >e ^ from primary human neuronal cultures as template yielded die predicted 54 bp 

P '° <l,,a Wl * * 3428 * (SEQ IDNOS: 23 + 28). All RT-PCR reactor* 

employed 10-50 ng input pc*A* RNA equi™^ per reacaon. and Were carded cot for 35 

30secanda72-CeMensionfor30sec. 

W ^^»f|^n.er S #3428 * 3433(SEQID WS :23 + 2 8 )„asrur.tobro^ 

""^ " 2 ' " ,d CDNA •™«"^*, ra pcJy-A* 

^A6 OT1 ^.3 2h ^^^„ |ls(A ^^ Qi ^^ Moi) 

*™Z„ ™T '" ma,, ^ ^ - f«»»P"<ic»i« Primer. #3450 

ID NO: 32) and 3454 (SEQ ID NO: 36) from set 2 most efliciem,, . cDNA 

6»8n*n. of the prodicted size (72 bp). aUhcgn primers 3450+3453 (SEQ ID NOS-32 and 35, 

efoaenc,. A 72 bp PCR product was obui«d by amp M «ion ofcDNA Mm IMR-32 «Us „r«l 
primary human neuronal cultures widi prirners 3450 (SEQ ID NO: 32) and 3454 (SEQ rb NO: 36). 
y *" lv BMTlT 

End * — «* 3' Rapid Ampliation of f 

End» (RACE) PCR, and lower (non-coding) strand for RACE PCR were designed and 
made according ,„ raclhod s kuown i„ the « (e . s . p,^,,, M A., M. K. Dush and G. R. 

£0 



Martin (1988)."Rapid production of fiiU-length cDNAs from rare transcripts: amplification using 
a single gene specific oligonucleotide primer." Proc. Nad. Acad. Sci. U.S.ft 85(23): 8998- 
9002.) The DNA primers used for this experiment (#3459 & #3460) (SEQ ID NOS: 36 and 39) 
are illustrated schematically in Table 4 and the exact sequence of these primers is presented in 
Table 3. These primers can be utilized in standard RACE-PCR methodology employing 
commercially available templates (e.g. Marathon Ready cDNA®, Clontech Labs), or custom 
tailored cDNA templates prepared from RNAs of interest as described by Frohman et cd. (ibid.). 

In experiments carried out in support of the present invention, a variation of RACE was 
employed to exploit an IMR-32 cDNA library cloned in the retrovirus expression vector 
pLPCXlox, a derivative ofpLNCX. As the vector junctions provide unique anchor sequences 
abutting the cDNA inserts in this library, they serve the purpose of 5' and 3' anchor primers in 
RACE methodology. The sequences of the specific 5' and 3* anchor primers we employed to 
amplify 0-secretase cDNA clones from the library, primers #3475 (SEQ ID NO: 40) and #3476 
(SEQ ID NO: 41), are derived from the DNA sequence of the vector provided by Clontech Labs, 
Inc., and arc shown in Table 3. 

Primers #3459 (SEQ ID NO: 38) and #3476 (SEQ ID NO: 41) were used for 3' RACE 
amplification of downstream sequences from our IMR-32 cDNA library in the vector 
pLPCXlox. The library had previously been sub-divided into 100 pools of 5,000 clones per pool, 
and plasmid DNA was isolated from each pool. A survey of the 100 pools with the primers 
identified as diagnostic for presence of the 0-secretase clone, according to methods described in 
Example 1, above, provided individual pools from the library for RACE-PCR. 100 ng template 
plasmid from pool 23 was used for PCR amplification with primers 3459 + 3476 (SEQ ID NOS: 
38 and 41 respectively). Amplification was carried out for 40 cycles using ampli-Taq Gold®, 
under the following conditions: denaturation at 95°C for 1 min, annealing at 65°C for 45 sec., 
and extension at 72°C for 2 min. Reaction products were fractionated by agarose gel 
chromatography, according to methods known in the art (Ausubel; Sambrook). 

An approximately 1.8 Kb PCR fragment was revealed by agarose gel fractionation of the 
reaction products. The PCR product was purified from the gel and subjected to DNA sequence 
analysis using primer #3459 (SEQ ID NO: 38). The resulting sequence, designated 23 A, and the 
predicted amino acid sequence deduced from the DNA sequence are shown in FIG. 5. Six of the 
first seven deduced amino-acids from one of the reading frames of 23A were an exact match 
with the last 7 amino-acids of the N-terminal sequence determined from the purified 



WO 00/47618 

PCTAKOWOMW 



protein, purified and sequenced in further experiments carried out in support of the present 
invention, from natural sources. 
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TableS 



SBQID DNA# NUCLEOTIDE SEQUENCE 
NO. 



COMMENTS 



3427 1 GAY GAR GAG CCN GAG GA 



23 3428 I GAY GAR GAG CCN GAa GA 



24 



25 



3429 I GAY GAR GAa CCN GAg GA 



3430 1 GAY GAR GAa CCN GAa GA 



26 3431 [ RTT RTC NAC CAT TTC 



27 3432 I RTT RTC NAC CAT cTC 



28 



[3433 ITCNACCATYTCNACAAA 



29 3434 TCNACCATYTCNACGAA 



30 3448 I ata tjc_j2g_g GAY GAR GAg CCa GAa GA 



5' primer, break (town of 3428 w/ 5" Xbal tan 
1 of 4 



31 



3449 I ata ttctaoa GAY GAR GAg CCg GAa GA 



5* primer, break down of 3428 w/ 5" Xbal tail 
2 of 4 



32 



! 3450 I ata ttcjagjj GAY GAR GAg CCc GAa GA 



5* primer, break down of 3428 w/ 5* Xbal tad 
3 of 4 



33 3451 I ata tjcjatjjj GAY GAR GAg CCt GAa GA 



5* primer, break down of 3428 w/ 5* Xbal tail. 
4 of 4 



34 



3452 



aca cga att c TT RTC NAC CAT YTC aAC AAA 



breakdown of 3433. 1 of 4: tm « 50 



35 



3453 I aca cflajtfjjgTT RTC NAC CAT YTC gAC AAA 



breakdown of 3433 w/ 5* Eco Rl taS. 2 of 4* 
tm = 50 ' 



36 



3454 acacjojLaJLfiTTRfCNACCATYTCcACAAA 



breakdown of 3433 w/ 5* EcoRI tail, den- 
tin « 50 



37 



345S I aca CQa_aJ_g TT RTC NAC CAT YTC IAC AAA 



breakdown of 3433 w/y Eco Rl tail 4of4* 
tm«50 



38 



3459 | aa qaG CCC GGC CGG AGG GGC A 



5* upper strand primer for 3' race encodes 
eEPGRRG 



39 3460 I aaa GCT GCC CCT CCG GCC GGd 



3* tower strand primer for 5" RACE 



40 



3475 AGC TCG TTT AGT GAA CCG TCA GAT nn 



plNCXS' primer 



41 



I 3476 I ACC TAC AGG TGG GGT CTT TCA TTC cr 



pLNCX. 3' primer 
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Assays for measuring p-secretase activity are well known in the art Particularly 
useful assays, summarized below, are detailed in allowed VS. Patent 5,744,346, incorporated 
5 herein by reference. 

A Preparation of MBP-C125sw 

1. Preparation of cells 

Two 250 ml cell culture flasks containing 50 inl LBamplOO per flask were seeded 
0 ^onecolonyperflaskof^ 

fusion protein) . Cells were allowed to grow overnight at 37°£ Aliqouts (25 ml) were 
seededin 506ml per flask ofLBamplOO in 2 liter flasks, which were then aUowed to grow at 
30". Optical densities were measured at 600 nm (OD^ vs LB broth; 1.5 ml lOOmM IPTG 
was added when the OD was "0.5. At this point, a preincubation aliqout was removed for 
SDS-PAGE r-I")/ Of this aliqout, 0.5 ml was centrifuged for 1 min in a Beckman 
microfoge, and the resulting pellet was dissolved in 03 ml 1 x LSB. The cells were 
mcubated/foduced for 5-6 hours at 30 C, after which a post-incubation aliquot C+r) was 
removed. CelUweremen W ntriftgedat9,O0Onmi.inaKA9.1 rotor for 10minat4<\C. 
Pellets were retained and stored at -20 C. 
2. Extraction of bacteria] cell pellets 

Frozen cell pellets were resuspended in 50 ml 0.2 M NaCl, 50mM Tris, pH 7.5, then 
sonicated in rosette vessal for 5 x 20 sec bursts, with i min rests between bursts. The extract 
was centrifiiged at 16,500 rpm in a KAlg.5 rotor 30 min (39,000 x g). Using pipette as a 
pestle, the sonicated pellet was suspended in 50 ml urea extraction buffer (7.6 M urea, 50 mM 
Tris pH 15, 1 mM EDTA, 0*5% TX-100). The total volume was about 25 ml per flask. The 
suspension was then sonicated 6x 20 sec, with 1 min rests between bursts. The suspension 
was then centrifiiged again at 16,500 rpm 30 min in the KA1 8.5 rotor. The resulting 
supernatant was added to 1.5 L of buffer consisting of 0.2 M NaCl 50 mM Tris buffer, pH 
7.5, with 1% Triton *100(0.2M Naa-Tris-l%Tx), and was stirred gentiy at 4 degrees C 
for 1 hour, followed by centrifugatidn at 9,000 rpm in KA9. 1 for 30 min at 4°C. The 
supernatant was loaded onto a column of washed amylose (100 ml of 50% slurry, New 
England BioLabs). The column was washed with 0.2 M Naa-Tris-1%TX to baseline (+10 
column volumes), then with 2 column volumes 0.2M NaCl-Tris-1 % reduced Triton X-100. 



^^'™•ii«duW■wilhlOmMmriI OS ebte TObo ^ , A , 

M guanidine HO/0 5%TX 100 , eqUaI VO ' Ume of 6 

u 3 /o * A- 100 was added to each fraction p»,i, r~ 
diluted .« * r • iraction. Peak fractions were pooled and 

diluted to a final concentration of about 2 mg/ml TheiW and 

beforedilution (20-fold toO . / , « ^ 31 ^ dCgrees C - 

u«onvzu-io/d,to0.1 mg/mlin 0.1 5% Triton X inm rvi . • • 

5 storcdat-40C. } ' 3,,qUOtS were a,so 

B * Antibody-ha^ ^^ 7Tly - 

l ■ r es,te ,o ^ ^ * »~ »- 

■nucition .ariamfonaof ™ „. , ^"^'Asn-Uu-mfc Swedish double 

q» w> « »>e deavag,^ (..Va.-Lys-Me.-Asp-At.) (SEQ ID NO: 54) or u,e -sLsh- 

«mat.cally ,„ FTC. ISA, cleavage of a. i ntKt MBp.^ ^ ^ 
~ of a W ^ SW.^L 

Wesfcn, WoB ^ * ^ AO, „. o^ve,,, J^^Lp 
^.o^SW^^^,^^^ ^ £ «» 
polyclo^andboatewereraisedto^p^ "MiMBP 
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1 g/liter sodium phosphate monobasic, 10.8 g/liter sodium phosphate dibasic, 25 goiter 
sucrose, 0.5 goiter sodium azide, P H 7.4. Apim>priately dirated Mcr^ 
was mixed with 2.5 M | of 2.2 uM MBP-C125sw substrate stock, in a 50 ul reaction mixture 
with a final buffer concentration of 20 mM acetate buffer, pH 4.8. 0.06% Triton X-100, in 
individual wells of a 96^weU nuootiter plate, and incubated for 1 hour at 37 degrees C. 
Samples were then diluted 5<fold with Specimen Diluent (0.2 g/1 sodium phosphate 
monobasic 2.15 g/1 sodium phosphate dibasic, 0.5 g/1 sodium aride! 8.5 g/1 sodium chloride, 
0.05% Triton X-405, 6 g/1 jiSA), further dfluted 5-10 fold into Specimen Diluent on anti- " 
MBP coated plates, and mcubatedf* 2 hou^^^ Followmg incubatioiis 

with samples or antibodies, plates were washed at least four times in TTBS (0.15 M NaCl, 50 
mM Tris, ph&5, 0.05% Tween-20). Biotinylated SW192 antibodies were used as the 
reporter. SW1 92 polycloiialarrtibodies were biotinylated 

following the manufacturer's instruction. UsuaJly, the biotinylated antibodies were used at 
about 240 ng/ml, the exact concentration varying with the lot of antibodies used. Following 
incubation of the plates with the reporter, the ELISA was developed using streptavidro- 
labeled alkaline phosphatase (Boennger-Marmheim) and 4-melhyi:umbellifer y l phosphate as 
fluorescent substrate. Plates were read in a Cytofluor 2350 Fluorescent Measurement 
System. Recombinantly generated MBP-26S W (product analog) was used as a standard to 
generate a standard curve, which allowed the conversion of fluorescent units into amount of 
20 product generated. 

This assay protocol was used to screen for inhibitor structures, using "libraries" of 
compounds assembled onto 96-well microtiter plates. Compounds were added, in a final 
concentration of 20 pgfal ih 2% DMSO, in the assay format described above, and the extent 
ofproduct generated compared wim co^ to 
25 calculate »% inhibition." -Hits" were defined as compounds which result m>35% inhibition 
ofeiizymeactmtyattestcoiHX^on; This assay can also be used to provide IC» values 
for mhibitors, by varying the concentration of test compund over a range to calculate from a 
dose-response curve the concentration remiired to inhibit the activity of the enzyme by 50%. 

Generally, inhibition is considered significant as compared to control activity in mis 
assay if it results in activity that is at least I standard deviation, and preferably 2 standard 
deviations lower than a mean activity value determined over a range of samples. In addition, 
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30 



a reduction of activity that is greater than about 25%, and preferably greater than about 35% 
of control activity may also be considered significant 

Using the foregoing assay system, 24 "hits" were identified (>30% inhibition at 50 
uM concentration) from the first 6336 compounds tested (0.4% bit rate). Of these 12 
comppunds hadlC^s less than 50 M^ iiKludihg re-screening m the P26-P4*sw assay, below. 

P2v-P4'jfw assay : The P26-P4:sw substrate is a biotin.lmked pei>tide of sequence 
(biofo)CGGADRG^^ (SEQ ID NO: 63): The P26-P1 

standard has the sequence (biotm)CGGADRGXTTRPGSGLTNIKTEEISEVNL (SEQ ID 
NO: 64), where the N-terminal "CGG" serves as a linker between biotin and the substrate in 
both cases. Peptideswere prepared by Anaspec, Inc. (San Jose, CA) using solid phase 
synthesis with boc-amino acids. Biotin was coupled to the terminal cysteine sulfhydryl by 
Anaspec, Inc. aftersynthesis of the peptide, using EZ-link Iodoacetyl-LG-Biotin (Pierce). 
Peptides are stored as 0.8-1.0 mM stocks in 5 mM Tris, with the pH adjucted to around 
neutral (pH 6.5-7.5) with sodium hydroxide. 

For the enzyme assay, the substrate concentration can vary from 0-200 uM. 
Specifically for testing compounds for inhibitory activity, substrate concentration is 1.0 uM. 
Compounds to be tested were added in DMSO, with a final DMSO concentration of 5%; in 
such experiments, the controls also receive 5% DMSO. Concentration of enzyme was varied, 
to give product concentrations within the linear range of the EL ISA assay (125 - 2000 pM, 
after dilution). These components were incubated in 20 mM sodium acetate, pH 4.5, 0.06% 
TritonX-IOO, at 37 °C for 1 to 3 hours. Samples were diluted 5-fold in specimen diluent 
(145.4 aM-woOao^de, 9.51 mM sodium phosphate, 7:7 mM sodium azide, 0.05% 
Triton X-405, 6 gm/liter bovine serum albumin, pH 7.4) to quench the reaction, then diluted 
furtherfprtheELISAas needed. For the BLISA, Costar High Binding 96-well assay plates 
(Gmung, Inc., Goning, NY) were coated with SW 192 monoclonal antibody from clone 
16A7, or a clone of similar affinity. Biotin-P26-P4' standards were diluted in specimen 
diluent to a final concentration of 0 to 2 nM. Diluted samples and standards (100 ul) are 
incubated on the SW192 plates at 4 • C for 24 hours. The plates are washed 4 times in TTBS 
buffer (1 50 mM sodium chloride, 25 mM Tris, 0.05 % Tween 20, pH 7.5), then incubated 
with 0.1 nuVwellofstnptavidm- 

Indianapolis, IN) diluted 1:3000 in specimen diluent After incubating for one hour at room 
temperature, the plate was washed 4 times in TTBS, as described in the previous section, and 
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incubated with fluorescent substrate solution A (31.2 gm/liter 2.ammc-2-meth^l ^anol, 
30mg/liter, adjusted to pH 9.5 with HO). Fluorescent values were read after 30 minutes. 

C. Assays using Synthetic Oligopeptide Substrates 

This assay fonnat is particularly iisefol for measiirmg activity of partially purified p- 
seoetase prepa^ons. Synthetic oligopeptides are prepared which incorpon^^ 
cleavage site of pVsecretase, and optional detectable tags, such a* fluorbccnt ordiroinogenic 
moieties Examples of such peptide* as well as their productions^ detect 
described in allowed U,S. Patent 5,942,400, herein incoiiwrated by ''rifatra'Owige 
products can be detected using high performance liquid chromatography, or fluorescent or 
ctepmogemc detection metbc^app^ 
methods well known in the art By way of example, one such peptide has the sequence 
SEVNLDAEF (SEQ ID NO: 52), and the cleavage site is bWeen residues 5 and 6. 
Another prefened substrate has the sequence ADRGLTTRPGSGLTNKTEEISEVNLDAE F 
15 (SEQ ID NO: 53), and the cleavage site is between residues 26 and 27. 

D. P-secretase Assays of Crude Cell or Tissue Extracts 

Cells or tissues were extracted in extraction buffer (20 mM HEPES.pH 7.5, 2 mM 
20 EDTA, 02% TritonX-100, 1- mMPMSF.20 ug/ml pepstatin, 10 ug/ml E-64). The volume 
of extraction buffer will vary between samples, but should be at least 200ul per 10 s cells. 
Cells can be suspended by trituration with a micropipette, while tissue may require 
hoinogenization. The suspended samples were incubated for 30 minutes on ice. If necessary 
to ajtow pipetting, unsolubilized material was removed by centrifugation at 4 degrees C, 
25 16,000 x g (14,000 rpm m a Bectoanmicrofuge) for 30 minutes. The supemate was assayed 
by dilution into the final assay solution. The dilution of extract will vary, but should be 
sufficient so that the jirotein /concentration in the assay is not greater than 60 ug/ml. The assay 
reaction also contained 20 mM sodium acetate, pH 4.8, and 0.06% Triton X-100 fmchidirig 
Triton contributed by the extract and substrate), and220- 110nMMBP-CI25 (a l:10or 
30 1:20 dilution of theO.l mg/ml stock described in the protocol for substrate preparation). 
Reactions were incubated for 1 - 3 hours at 37degrees C before quenching with at least 5 - 
fold dilution in specimen diluent and assaying using the standard protocol. 
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Example 5 
Purification of P-secretase 

A. Purification of Naturally Ocanririg p-secretase 

Human 293 ceHs were obtained and processed as described in U.S. Patent 5 744 346 
incorporatedherembyreference. (293 cells are available from the American Type Culture ' 
Collector, Manassas, VA). Frozen tissue (293 cell paste or human brain) was cut into pieces 
and combmed with five volumes of homogenization buffer (20 mM Hcpes, pH 7 5 025 M 
sucrose, 2 mM EDTA). The suspension was homogenized using a blender and cen'trifuged at 
16.000xgfor30minat4»C. The supeniatants were or^ed and the pellets were 
suspendedmextncuor. buffer (2drn^MK^ 150mMNaCl, 
2 mM EDTA, 5 /zg/ml leupeptin, 5 pg/ml E64, 1 M g/ml pepstatm, 02 mM PMSF) at the 
onginal volume. After vortex : mixing, me extraction was completed by agitating the tubes at 
4-C for a penod of one hour. The mixtures were centrifuged as above at 16,000 x g, and the 
supernatantswerepooled. The pHofthe extract was adjusted to 7.5 by adding ~l%(v/v)of 
1 M Tris base (not neutralized). 

The neutralized extract was loaded onlo a wheat genn agglutinin-agarose (WGA- 
agarose)column pre -equiUbrated with 10 column volumes of 20 mM Tris, P H 7 5 0 5% 
TritonX-100, 150 mM NaCl, 2 mM EDTA, at 4°C. One milliliter of the agarose resin was 
used for every l g of original tissue used. The WGA-column was washed with 1 column 
volumeofmeequiUr^ ^ 

mMNaCUmM EDTA, 0.2% TritonX-100 and men eluted as follows, Tbree^uarter 
column volumes of 1 0% chitin hydrolysate in 20 mM Tris, P H 7.5, 0.5%. 1 50 mM NaCl 
0.5% Triton X-100, 2 mM EDTA were passed through the column after which the flow was 
stopped for fifteen minutes. An additional five column volumes of !()% chitm hydrolysate 
solution were then used to elute the column. All of the above eluates were confcined (pooled 
WGA-eluate). ■ 

The pooled WGA-eluate was diluted 1 :4 with 20 mM NaOAc, pH 5.0, 0.5% Triton 
X-100, 2 mM EDTA. The pH of the diluted solution was adjusted to 5.0 by addingafew 
30 ^ofgladalaceticacWwhilembnitoringthepH. This »SP load" was passed through a 5- 
ml Pharmacia HiTrap SP-column equffibrated with 20 mMNaOAc, P H 5.0, 0.5% Triton 
X-100, 2 mM EDTA, at 4 ml/min at 4°C. 
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The foregoing methods provided peak activity having a specific activity of greater 
than 253 nM product/ml/h/jig protein in the MBP-C125-SW assay, where specific activity is 
determined as described below, with about 1 500-fold purification of the protein. Specific 
activity of the purified P-secretase was measured as follows. MBP C125-SW substrate was 
combined at approximately 220 nM in 20 mM sodium acetate, pH 4.8, with 0.06% Triton 
X-100. The amount of product generated was measured by the p-secretase assay, also 
described below. Specific activity was then calculated as: 



Specific Activity = (Product cone. nM^milurion fa^) 

(Enzyme sol vol)(Incub. time h)(aizyme cone, mg/vol) 



Thb Specific Activity is thus expressed as pinoles 6f product produced per fig of P- 
secretase per hour. Further purification of human brain enzyme was achieved by loading the 
SP flow through fiactiori on to the P10-P4'sta D->V affinity column, according to the general 
methods described below. Results of this purification step are summarized in table 1, above. 
. B. Purification of P-secretase from Recombinant Cells 

Recombinant cells produced by the methods described herein generally were made to 
over-express the enzyme; that is, they produced dramatically more enzyme per cell than is 
found to be endogenously produced by the cells or by most tissues. It was found that some 
of the steps described above could be omitted from the preparation of purified enzyme under 
these circumstances, with the result that even higher levels of purification were achieved. 

CosA2 or293 T cells transfected with p-secretase gene wmstruct (see Example 6) 
were pelleted, frozen and stored at -80 degrees until use. The ceil pellet was resuspended 
by homogenizing for 30 seconds using a handheld homogenizer (0.5 ml/pellet of 
approximately 10 6 cells in extraction buffer consisting of 20 mM TRIS buffo-, pH 7.5, 2 mM 
EDTA, 0.2% Triton X-100* phis protease inhibitors: 5 |ig/ml E-64* 10 ngtal pepstatin, 1 mM 
PMSF), centrifuged as maximum speed in a microfuge (40 minutes at 4 degrees Q. Pellets 
were suspended in original volume of extraction buffer, then stirred at 1 hour at 4 degrees C 
with rotation, and centrifiited again in a microfuge at maximum speed for 40 minutes. The 
resulting supernatant was saved as the "extract." The extract was then diluted with 20 mM 
sodium acetate, pH 5.0, 2 mM EDTA and 0.2% Triton X-100 (SP buffer A), and 5M NaCl 
was added to a final concentration of 60 mM NaCl. The pH of the solution was then adjusted 
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to pH 5.0 with glacial acetic acid diluted 1 : 10 in water, Aliqiiots were saved ("SP load")- The 
SP load was passed through a 1 ml SP HiTrap column which was pre-washed with 5 ml SP 
buffer A, 5 ml SPbufferB (SP buffer A with 1 M NaCl) and 10 ml SP buffer A. An 
additional 2 ml of 5% SP buffer B was passed through the column to dissplace any remaining 
sample from the column. The pH of the SP flow-through was adjusted to pH 4.5 with 10X 
diluted acetic acid. This flow-through was then applied to a PlO-P^staD^V-Sepharose 
Affinity column, as described below. The column (250 pi bed size) was pre-eqdlibrateii 
with at least 20 column volumes of equilibration buffer (25 mMNaCI, 0.2% Triton X-100, 
0.1 mM EDTA, 25 mNisodiiim acetate, pH 4.5), then loaded with the diluted supernatant 
After loading, subsequent steps were carried out at room temperature. The column was 
washed with washing buffer (125 mMNaCI, 02% Triton X-100, 25 mM sodium acetate, pH 
4.5) before addition of 0.6 column bed volumes of borate elution buffer (200 mM Nad, 0.2% 
reduced Triton X-100, 40 mM sodium borate, pH 9.5). The column was then capped, and an 
additional 0.2 ml elution buffer was added. The column was allowed to stand for 30 minutes. 
Two bed volumes elution buffer were added, and column fractions (250 pi) were collected. 
The protein peak eluted in two fractions. 0.5 ml of 10 mg/ml peptstatin was added per 
milliliter of collected fractions. 

Cell extracts made from cells transfected with full length clone 27 (encoding SEQ ID 
NO: 2; 1-501), 419stop (SEQ ID NO:57) and 452stop (SEQ ID NO: 59) were detected by 
Western blot analysis using antibody 264A (polyclonal antibody directed to amino acids 46- 
67 of 0-secretase with reference to SEQ ID NO: 2). . 

Example 6 

Preparation of Heterologous Cells Exinrasing Recombinant p-secretase 

Two separate clones (pCEKclone27 and pCEKclone53) were transfected into 293T or 
COS(A2) cells using Fugene and Effectene methods known in the art 293T cells were 
obtained from Edge Biosystems (Gaithersburg, MD). They are KEK293 cells transfected 
with SV40 large antigen. COSA2 are a subclone of COS1 cells; subcloned in soft agar. 

FuQENEMflhrt: 293T cells were seeded at 2x10 s cells per well of a 6 well culture 
plate. Following overnight growth, cells were at approximately 40-50% confluency. Media 
was changed a few hours before transfection (2 ml/well). For each sample, 3 pi of FuGENE 
6 Transfection Reagent (Roche Molecular Biochemicals, Indianapolis, IN) was diluted into 
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0.1 ml of serum-free culture medium (DME with 10 mM Hepcs) and incubated at room 
temperature for S nrin. One microgram of DNA for each sample (0.5-2 mgftnO was added to 
a separate tube. The diluted FuGENE reagent wasadded drop-wise ,o me concentrated DNA. 
After gentle tapping to rmx, tl^ nuxtouew^ 

Thenuxturewasaddeddiop^ Thecellswere 
then incubated at 37 degrees C, in an atmosphere of 7.5% CO, The conditioned media and 
celkw^ha^es^ 

^^^%peUeL,Prot^ 

PMSF) were added prior to freezing. The cell monolayer was rinsed once with PBS. tehn 0 5 
nnofr^b^er(lmMHIPIS, P H7.5, 1 mM EDTA, 0.5% Triton X-100, 1 rhM PMSF 10 
ug/MEo*) was added. The lysate was frozen and thawed, vortex mixed, then centrimged, 
and the supernatant was frozen until assayed. 

EffectiYe Method . DNA (0.6ug) was added with "EFFECTENE" reagent (Qiagen, 
Valencia. CA) into a 6-well culture plate using a standard transection protocol according to 
oianufacturer's instru^ Cells were harvested 3 days after transfection and ihe cell peUets 
were snap frozen. Whofc cell lysates were prepared and various amomteof lysate were 
tested for p-secretase activity using the MBP-C125sw substrate. FIG. 14B shows the 
results of these experiments, in which picomoles ofproduct formed is plotted against 
microgranurpfO>S<^,^ The legend to me figure describes the 

enzymesource, where activity from cells transfected with DNA frompCEKclone27 and 
PCEKclone53 (clones 27 and 53) using Effective are shown as closed diamonds and solid 
squares, respectively, activity from cells transfected whh DNA from clone 27 prepared with 
FuGENE are shown as open triangles, and mock transfected and control plots show no • 

actmty(closed^^ Values greater than 7M pM product are out of > 

25 the linear range of the assay. 
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Example 7 

Preparation of P10-P4'sta(D->V) Sepharose Affinity Matrix 
A. Preparation of P10-P4'sta(D->V) inhibitor peptide 

P10-P4'sta(D->vy has the sequence NI^-in^EISEVN[sta]VAEF-COOH (SEQ lb 
NO: 72). where "sta" represents a statine moiety. The synthetic peptide was synthesized in a 
peptide synthesizer using boc-protected amino acids for chain assembly. All chemicals. 



IZZ^rrZ h ' a ° mabm ° m ' which were ^ 

« ^..toof,^^, I.OeouivalentofNN- 

ammo acid a-amine was removed with siw 

eachcour,li„ . „ ^^^M^^^indichloromahaheafler 
«ch coupling slep ^ prior ,„ 

^ Am™ acid side chain proton was as follows: GI«(Bd) Lysfci CBZ> 
including toc-Suiine. n™ with no further side chain protection 

t*0£f* <CBZ, ^^.(a^chWarcoh^ (OB.,0^,, 
-ting^ lT ™ ^ ^ "~ - - .--i«T- 

f-«y depmectcd erode peptide as a C -termina! carhop ^ ^ 

. W hi,i^" p,ra T ,,hw,i *^^^ te ^- 

th^I, 2 - 2Cm IJ> * *" * T*. *»«». ^.em used with 

this column was 0 1 % TFA / Hon /f A ik rr x 

nK.bi.epha,. Tvo 71 ' *"' °' %WA '™**«aB) buffer) asthe 

ande l o,edns,„g,, lnear g nKl , ei)lof2%(BJ to .^^^ 

«riA, 10 confirm its composition and purity. 

B. Incoiporatron into Affinity Matrix 
^ ^A.ln«u,i I H,lado»^e^ 0 „,, tr ^ Mpera ^ .2^ ml of 80* star, of 

TO TTp^ WK M ? drained, the bMtom of the column was closed off, and 5.0 ml of 
'■W'O-^^pep^ p„2 

mecrf^ S ' COHImn was capped and incubated with rotation for 24 hours. After incubation 
^was.^ 
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and incubated overnight with rotation. The wlumn bedwaswashed with20mlof 13M 
Wdium chloride, 0.5 M Tris, pH 7.5, followed by a series of buffers containing 0.1 rnM 
EDTA, 02% Triton X-100, and the following cbinponents; 20 mM sodium acetate, pH 43 
(100 ml); 20 mM sodium acetate, pH 4.5, 1.0 M sodium chloride (100 ml); 20 mM sodium 
borate, pH 9.5, 1 .0 M sodium chloride (200 ml); 20 mM sodium borate, pH 9.5 (100 ml). 
FinaUy, the column bed was washed with 15 ml of 2 mM Tris, 0.01% sodium azide (no 
Triton or EDTA), and stored in that buffer, at A*C. 



Example 8 

Co-Transfection of Cells with f>secretase and APP 



or 
as 



293T cells were co-transfected with «nwalent amounts plasinids encod^ 
wt and P-secretase or control p-galalactosidc (0-gal) cDNA using FuGene 6 Reagent 
described in Example 4, above. Either pCEKclonc27 or pohCJ coiuaining full length p- 
secretase were used for expression of p-secretase. The plasmid construct pohCK751 used for 
the expression of APP in these transfecUons was derived as described in Dugan et al.. JBC, 
270(18) I0982-l(»89(1995)andshownschematicaUyinFIG.21. A 0-gal control plasmid 
was added so that the total amount of plasmid transfected was the same for each condition. . 
P-gal expressing pCEK and pohCK vectors do_no$ replicate in 293T or COS cells. Triplicate 
wells of cells were transfected with the plasmid, according to standard methods described 
above, then incuabated for 48 hours, before collection of conditioned media and cells. Whole 
cell lysates were prepared and tested for the P-secretase enzymatic activity. The amount of f> 
«ecretasc activity expressed by transfected 293T cells was comparable to or higher than that 
expressed by CosA2 cells used in the single transfection studies. Western blot assays were 
carried out on conditioned media and cell lysates, using the antibody 13G8. and Ap ELISAs 
carried out on the conditioned media to analyze the various APP cleavage products. 



Claims 



1 - A p-secretase inhibitor, comprising a peptide containing the sequence SEQ ID 
NO: 78 (VMXVAEF, where X is hydroxyethylene or statine), including conservative 
5 substitutions thereof. 

2. The p-secretase inhibitor of claim 1 , having the sequence SEQ ID NO: 78 
(VMXVAEF) or SEQ ID NO: 81 (E VMXVAEF), where X is hydroxyethylene or 
statine. 

3. A p-secretase inhibitor having the sequence SEQ ID NO: 72 (P10-P4'sta 
10 D->V). 
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